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ABSTRACT 
 
Drained peatlands are a characteristic specific to Finnish forestry. Almost 5 million hectares 
of peatlands have been drained for wood production, which is exceptional even on a global 
scale. According to the National Forest Inventories, forest drainage seems to be a major factor 
in the increased volume growth observed in Finnish forests. To date, only a few studies have 
focused on the qualitative properties of peatland trees, and thus, knowledge has been 
insufficient to evaluate the suitability of the wood for various end-uses. This is, however, an 
essential component in assessing the overall profitability of drainage investments.  
 
This study aimed at clarifying the most important external and internal quality properties of 
Norway spruce (Picea abies (L.) Karst.) and Scots pine (Pinus sylvestris L.) timber trees 
growing on drained peatlands. The suitability of raw wood material for sawn timber and its 
processed products were examined, as were the differences in quality properties between tree 
stands on drained peatland and mineral soil. The primary hypothesis was that growing 
conditions typical of peatlands affect the phenotype of trees, and hence, the properties of 
wood and sawn timber. 
 
Study material was collected from two site types of Norway spruce (Herb-rich type, 
Vaccinium myrtillus type) and two site types of Scots pine (Vaccinium vitis-idaea type, 
Dwarf-shrub type) in southern Finland. Five sample plots were chosen to represent each site 
type (total of 20 plots). Part of all counted trees (measured for diameter at breast height) was 
graded as standing trees. These trees were measured for tree height, diameter at a height of 6 
m, height of the living crown, and dead branch height. From each stand, 10 trees were felled 
for further experiments. The stems were cut into saw logs and the logs were graded according 
to external quality properties. Merchantable tree tops were cut into 2-m bolts to a minimum 
diameter of 7 cm. Sample discs were taken from each cut to examine the following wood 
properties: annual ring width and latewood proportion, heartwood proportion, basic density, 
and proportion of compression wood. Logs were measured by a logscanner, barked using a 
barking machine and sawn by blade settings commonly used in the Finnish sawmill industry.  
 
Sawn timber was graded before and after drying according to Nordic Timber grading rules. 
Centre yield was also graded according to the stress grading rules of NS-INSTA 142 and T-
grading. Special attention was paid to features affecting quality. Sawn timber was dried to a 
20% final moisture content in a warm air kiln at a temperature suitable for size and quality. 
The changes in timber quality during drying and factors affecting these were studied. Some 
further experiments were carried out by drying the best quality centre yield sawn timber to a 
moisture content of 10%. 
 
Both in spruce and pine, the stem form characteristics – taper, slenderness, and breast height 
form factor – were in accordance with those observed in mineral soil sites of corresponding 
fertility. Various stem form defects, e.g. crooks and sweep, were common in both tree species. 
In practice, this means that the stems have to be cut into short logs to meet the quality 
requirements for saw logs. In pine, the relative length of the living crowns was exceptionally 
low, which was manifested in a long dead branch section. One explanation for this could be 
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the dieback and canker fungus of pines (Gremmeniella abietina) that infected pine stands in 
southern Finland in the late 1970s and 1980s. Spruces were characteristically thin-branched.  
 
The origin of wood material was appearent from the following characteristics. Most trees had 
a narrow-ringed heart, whereas the wood grown after drainage was wide-ringed. An increase 
in growth due to drainage meant decrease in basic density and latewood proportion. 
Especially in spruce, high heartwood proportions were found. The amount of compression 
wood was surprisingly small, which might indicate that it is not a severe problem in managed, 
mature stands. On average, all of the studied wood properties were similar to those reported 
from mineral soil sites, but the variation was large. Although spruce stands in this material 
were relatively old, root rot was unusual. This may be explained by peat soil conditions, 
which do not favour the spreading of fungi.    
 
Spruce sawn timber was of good quality, decreasing only slightly from butt towards the top of 
the tree. The quality of sawn timber from pine butt logs was good, but numerous dead and 
unsound knots lowered the quality of sawn timber from the upper parts of stems. Drying 
deformations and checking were slight in both tree species in export drying (moisture content 
20%), but increased dramatically in joinery drying (moisture content 10%). The main causes 
were checking and twisting.  
 
Based on the results, the quality of sawn timber from peatland spruces corresponds to that 
produced by mineral soil sites. Thus, peatland spruce sawn timber may be utilized in the same 
end-use areas as spruce sawn timber in general, i.e. mainly in construction. Peatland pine 
sawn timber is slightly poorer than that of upland sites. Sawn timber from butt logs is suited 
for purposes from construction to visible joinery. The primary uses for pine middle logs are 
construction and end-uses that are to be painted or covered. No suggestions for the use of pine 
top logs can be given due to inadequate observations. 
 
 
Keywords: drained peatlands, timber trees, external properties, wood properties, quality of 
sawn timber, Picea abies, Pinus sylvestris 
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ABBREVIATIONS AND DEFINITIONS  
 
 
General 
 
NFI  National Forest Inventory (e.g. NFI8). The number refers to the chronological order 
of the inventory. The first National Forest Inventory was carried out in 1921–1924. 
 
Southern Finland * Land area in Finland between 60 and 65 degrees north (?N) 
Northern Finland * Land area in Finland between 65 and 70 degrees north (?N) 
 
* This division does not correspond to that applied in the National Forest Inventory. 
 
 
Stand and site  
 
Tree species  Norway spruce (Picea abies (L.) Karst.) 
Scots pine (Pinus sylvestris L.)  
Pubescent birch (Betula pubescens Ehrh.) 
 
Counted tree  Living tree in a sample plot 
Standing sample tree Standing tree measured for quality characteristics 
Felled sample tree Tree felled for further measurements and experiments 
 
OMaT   Oxalis-Maianthemum type 
OMT   Oxalis-Myrtillus type  
MT   Myrtillus type 
VT   Vaccinium type 
CT   Calluna type  
(Cajander 1909) 
 
Rhtkg    Old drainage area: Herb-rich type  
Mtkg    Old drainage area: Vaccinium myrtillus type 
Ptkg    Old drainage area: Vaccinium vitis-idaea type 
Vatkg    Old drainage area: Dwarf-shrub type 
   (see Laine 1989) 
 
 
Stand and tree characteristics 
 
A   Mean age of trees at stump height in a stand, years 
a   Age of a tree at stump height, years 
atod    Age of a tree at time of drainage, years 
cr   
h
hh c?? , crown ratio 
d, dbh, d1.3   Diameter at height of 1.3 m from ground level (breast height), mm or cm 
DBH   Diameter class (breast height), mm or cm 
dbsr   h
hh dbc ?? , relative length of dead branch section 
Dg     Mean diameter of trees weighted by basal area at breast height, cm 
dkmax    Diameter of the largest dead knot of a butt log, mm 
d0.1h   Diameter at 10% height of the stem, mm or cm  
d0.5h   Diameter at 50% height of the stem, mm or cm 
d6     Diameter at 6 m height from ground level (measured), cm 
d6s   Diameter at 6 m height estimated by spline function, mm  
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f   
gh
v? , breast height form factor of a tree 
FH   
GH
V? , breast height form factor of a stand 
Form ratio  
h
h
d
d
1.0
5.0?  
G    Basal area of a stand, m2 ha-1  
g   Cross-sectional area of a tree at breast height (basal area), m2 
H    Mean tree height in a stand, m 
h    Tree height, dm or m 
hc    Crown height (height to the base of the living crown), dm (NFI9*) 
hdb   Dead branch height (height to the base of the dead branch section,  
branch diameter (o.b.) > 15 mm), dm (NFI9*)  
i30    Early growth rate (radial increment of the first 30 rings at stump height), mm 
im    Mean growth ring width at stump height, mm 
kmax  Diameter of the largest knot of a butt log measured on the surface of a log, mm 
(NFI9*) 
N   Stand density, number of stems per hectare (n ha-1) 
Slenderness   
3.1d
h
?  
tad     Time after drainage, years 
Taper   63.1 dd ?? , mm or cm 
Taper index  
3.1
6
d
d?  
V    Stand volume, m3 ha-1 
v    Stem (or log) volume, m3 
 
 
Measuring and grading of logs 
 
ABC  Grading of logs according to their location in the stem and quality: Grades A, B, C1, 
C2 
Dead knot  At least one half of the circumference of a knot has no contact with the surrounding 
wood (NFI9*). The diameter of a knot is measured (regardless of condition of knot) 
on the surface of a log at right angles to its length (NFI9*). 
Mean knot density Number of knots by knot condition divided by total length of logs, knots m-1 
NFI9 grading  Grading of logs applied in the 9th National Forest Inventory: Grades 1, 2, 3 
o.b.   Measured over bark 
Ovalness  The difference of the largest and smallest diameters of a stem divided by their mean 
Reject   Logs that do not meet the quality requirements for saw logs (grade D) 
Sound knot  At least one half of the circumference of a knot has contact with the surrounding 
wood.  
Spike knot   Knot that is formed by a relic of top or fork of a tree (NFI9*) 
Sweep   Greatest deviation found from the straight line drawn from butt and top ends of a 
    log, mm 
Taper Expressed as difference in diameter between butt and top ends of a log divided by the 
log length, mm m-1 
u.b.   Measured under bark 
Unsound knot  Cross-sectional area of a knot is entirely decayed or majority is so decayed 
that it can be estimated to reach the surface of sawn timber (NFI9*). 
   
* Field work instructions of the 9th National Forest Inventory (Valtakunnan metsien…1998) 
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Determination of wood density 
 
a1, a2   Cross-sectional area at the end of a log, m2 
bv   Shrinkage from green volume to dry, % of green volume 
h   Length of a log (section), m 
ISO 3131  Determination of density for physical and mechanical tests (ISO 1975) 
mg   Mass of green wood, kg 
mo   Oven-dry mass of wood, kg 
mu   Mass of wood with moisture, kg 
?0   
0
0
v
m? , oven-dry density, kg m-3 
?0,g    
gv
m0? , basic density, kg m-3 
?g   
g
g
v
m
? , green density, kg m-3 
?1…?n   Mean basic density of a log (bolt), kg m-3 
?stem   Mean basic density of a stem calculated by weighing the mean basic density of each 
log by its volume, kg m-3 
u   
0
0)(100
m
mmu ??? , moisture content, % 
v0   Volume of oven-dry wood, m3 
vg   Volume of green wood, m3 
v, v1…vn   Volume of a log (bolt, section), m3 
vstem   Total volume of a stem, m3 
vtotal   Total volume of bolts, m3 
 
 
Sawing of logs and drying and grading of sawn timber  
 
AK   Re-sawing phase 
Gross value of saw logs = value of sawn timber + value of sawmill chips + value of bark and sawdust, € m-3 
Log use ratio   Volume of logs (o.b.) needed for one cubic metre of sawn timber 
MC   Moisture content, %  (100 × mass of water per mass of kiln-dried wood) 
Net value of saw logs = value of sawn timber, € m-3 
NS-INSTA 142  Nordic visual stress-grading rules for timber: Grades T3, T2, T1, T0 (NS-INSTA 142 
    1997) 
NT   Nordic Timber (Blue book). Grading rules for pine and spruce sawn timber: Grades A 
(subgrades A1, A2, A3, A4), B, C, D, and grades of wane sawn timber: OKS 
(knot-free three sides),  PP (halvrena side yield), VL (schaalboard of export quality), 
KL (schaalboard of domestic quality) (Pohjoismainen sahatavara 1994) 
prEN 13183-2  Method for estimating moisture content of a piece of sawn timber (Resistance 
method) 
Re   Sawn timber that does not meet the requirements of the lowest grade (Reject) 
Ripsawing  Ripping, flat cutting    
T-grading  Stress-grading rules: Grades T40, T30, T24, T18 (Lipitsäinen 1994)  
Yield of sawn timber Volume of sawn timber from one cubic metre of logs (o.b.) 
YK   Block sawing phase 
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Quality modelling 
 
F1…Fn    Quality factor of roundwood by logs in a tree 
Fls    Quality factor of roundwood of the whole log section of a tree 
Fs    Quality factor of roundwood of a stand 
Gross volume of   The volume of sawn timber determined by the nominal dimension, m3 
sawn timber 
gvij   Gross volume of sawn timber representing grade i dimension j, m3 
iij   Indexed value of sawn timber representing grade i dimension j 
Net volume of  Volume of sawn timber representing a certain grade after kiln drying. The 
sawn timber   volume is determined by the nominal dimension, m3.   
nvij   Net volume of sawn timber representing grade i dimension j, m3 
v1…vn   Gross volume of sawn timber by logs, m3 
 
 
Statistical notations 
 
ANOVA   Analysis of variance 
b   Bias 
br   Relative bias 
Fitted trend line  Least squares fit calculated through points  
G2   2×log-likelihood test quantity 
max.   Maximum value 
min.   Minimum value 
Moving average Based on the average value of the variable over a specific number of preceding 
periods  
n   Number of observations 
p < 0.05   Statistically significant at the risk level of 5% 
r    Correlation coefficient 
R2   Coefficient of determination 
RIGLS   Restricted iterative generalized least squares method 
RMSE   Root mean square error of estimate 
RMSEr    Relative root mean square error of estimate  
s    Standard deviation 
s.e.   Standard error of the mean 
x    Mean 
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1 INTRODUCTION 
1.1 Definitions for Peatland and Peatland Stand  
 
Definitions for wetland ecosystems are numerous (see Paavilainen and Päivänen 1995). The 
most commonly used terms, peatland and mire, refer to ecosystems characterized by the 
accumulation of organic matter leading to the formation of peat (Gore 1983). The more 
specific terms, bog, fen, and swamp, refer to concepts of trophy and nutrient level of the site 
(e.g. Paavilainen and Päivänen 1995; Laine and Vasander 1996). In the literature (e.g. 
Paavilainen and Päivänen 1995), the term pristine (virgin) peatland is also used. It usually 
refers to a site that is totally undisturbed by man.  
 
The term mire is mostly used in an ecological context, whereas peatland is used to emphasize 
the connection to forest management. In this study, peatland is used to refer to sites drained 
for forestry (drained peatlands). Undrained peatlands have only a marginal importance for 
wood production in Finland, and, for this reason, they are not dealt with here. Drained 
peatlands in this study represent the final stage of succession known as transformed drained 
mire (see Paavilainen and Päivänen 1995). Peatland stands refer to stands dominated by 
Norway spruce (Picea abies (L.) Karst.) and Scots pine (Pinus sylvestris L.) timber trees. To 
differentiate between the tree species and nutrient status of the sites, the terms spruce mire 
(korpi in Finnish) and pine mire (räme in Finnish) are also used. In Finland, the term peatland 
is used even when the peat layer is shallow (< 30 cm) (Laine and Vasander 1996).  
 
 
1.2 Forest Drainage and Its Role in Wood Production in Finland 
 
Forest drainage improves the growth of trees in sites where an excess of water is the limiting 
factor for growth. According to Tirkkonen (1952), some forest drainage operations were 
already carried out in the middle of the 19th century by a few wood processing companies.  
Systematic forest drainage was started on state-owned land in 1908, on land owned by forest 
industry companies in the 1910s, and in private forests in 1928, when the first forest 
improvement law was established (Tuokko 1992).  
 
In the early 1950s, most forest ditches were still dug manually. The first phase in 
mechanization of forest drainage was the introduction of forest ditch plows (Huikari 1958). 
During recent decades, tractor diggers and excavators have replaced heavy ditch plows 
(Paavilainen and Päivänen 1995). The peak in forest drainage was reached at the end of the 
1960s, when annually drained area increased to ca 300 000 hectares (Fig. 1). Nowadays, new 
areas are no longer drained for wood production, instead the focus is on ditch cleaning and 
complementary ditching.  
 
According to the 8th National Forest Inventory (NFI8), approximately 53% of the peatland 
area (8.9 million ha) has been drained for forestry (Tomppo 1999; Hökkä et al. 2002). The 
total area of forestry land in Finland is about 26.3 million hectares, and drained peatlands 
represent nearly one-fifth of this. In proportion to the total land area, peatlands have been 
drained for forestry in Finland more than in any other country (see Paavilainen and Päivänen 
1995). The annual increment of the growing stock volume in Finnish forests was 55 million 
m3 at the beginning of the 1950s, but increased to 75 million m3 over the course of the next 
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four decades (Tomppo 1999). According to Tomppo (1999), peatland forestry has been 
responsible for over one-half of the increase of the annual increment since the early 1950s.  
 
 
0
50
100
150
200
250
300
350
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year
10
00
 h
ec
ta
re
s
Private
Industrial companies
State
 
Fig. 1. Forest drainage (First-time ditching) in 1950–2000 by forest owner groups in Finland. 
Data combined from the statistical yearbooks of forestry (Metsätilastollinen…1994, 2001). 
 
 
The areal distribution of peatlands in Finland is uneven. Most peatlands are located in 
Pohjanmaa and in northern Finland. In these areas, drained peatlands play a relatively more 
important role in wood production than in southern Finland. 
 
In the year 2000, the total cutting removals in the Finnish forests were ca 61.5 million m3 
(Metsätilastollinen…2001). The role of peatlands in Finnish wood production has been 
evaluated by using large-scale forest scenario modelling (Nuutinen et al. 2000). Scenarios 
based on the data from the NFI8 indicated a clear increase in cutting possibilities in peatland 
forests. By the year 2025, the proportion of peatland cuttings is anticipated to increase to over 
20%, balancing the decrease of cuttings on mineral soil sites. How accurate these scenarios 
will be depends mainly on the demand for roundwood in the Finnish forest industry, the 
volume of roundwood to be imported, and, above all, the demand for wood-based products in 
the global markets.  
 
In the near future, most of the cutting possibilities on drained peatlands will be in stands 
dominated by small-sized pine. The wood harvested will mainly be utilized by the pulpwood 
industry. Stands on old drainage areas – i.e. those drained in the 1920s and 1930s – are 
reaching or have already reached logging maturity, and thus, their role as a source of 
roundwood for the mechanical wood processing industry is increasing.  
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1.3 Spruce and Pine as Raw Material for Mechanical Wood Processing 
 
The primary users of coniferous roundwood in the mechanical wood processing industry, i.e. 
the wood products industry, are industrial sawmills, small sawmills, plywood and veneer 
industries, and other wood products industries. In 2001, the sawmill industry accounted for 
92.5% and the plywood and veneer industries for 6.4% of total consumption of soft 
roundwood in the wood products industry (Metsätilastollinen…2002). 
 
Wood consumption in the wood products industry has varied greatly by year. During the last 
two decades the lowest level in the consumption of soft roundwood, ca 14.9 million m3, was 
achieved in 1991. After that, the consumption of soft roundwood increased significantly, 
reaching an annual high of 31.5 million m3 in 2000 (Metsätilastollinen…2002). The increase 
can be explained by an upswing in the economy and in export, and also to some degree by 
successful national promotion of the use of wood and by its increasing competitiveness in 
construction. Typical of wood consumption in the forest industry has been the increasing 
volume of imported roundwood. The volume of imported softwood logs was 0.2 million m3 in 
1991, but already 3.0 million m3 in 2001 (Metsätilastollinen…2002).  
   
The production of sawn softwood in Finland reached an all-time high of 13.4 million m3 in 
2000 (Metsätilastollinen…2002). This increase in sawn timber production has given rise to 
concern about the sufficiency of timber-sized roundwood. This concern is reasonable because 
of the demands for multiple use and conservation of commercial forest areas. Furthermore, 
mature spruce forests have been harvested quite intensively in southern Finland in recent 
years. Thinnings in young stands should be extended to ensure sustainable use of Finnish 
forests.  
 
At present, consumption of thinning wood in the wood products industry is small despite the 
great potential volume. Small-sized timber has been used, for instance, in environmental 
construction. According to Boren (2001), mechanical properties of pine and spruce 
roundwood originating from thinnings meet the requirements of European standards for 
structural timber. These results are promising from the view of the number of objects that can 
be made from small-sized peatland timber.  
 
Wood products can be divided into basic products, i.e. sawn timber and wood-based panels 
(plywood, particleboard, fibreboard), and their primary and secondary processed products. 
Since the growth of the basic sawmill industry is limited, further processing of sawn timber 
has become more and more important. A growing field in the wood products industry is 
Engineered Wood Products (EWP), of which Laminated Veneer Lumber (LVL) and glulam 
beams are manufactured in Finland. The use of spruce and pine in the wood products industry 
has varied depending upon the object being manufactured. Spruce has traditionally been used 
for construction, while pine has dominated in the joinery and furniture industries. Today, 
however, this division is fading. Spruce now dominates the manufacturing of coniferous 
plywood, LVL, and glulam beams. Examples of the objects for the Finnish conifers are timber 
frames, exterior and interior cladding, floors, wooden stairs, doors, window frames, furniture, 
and packaging.  
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1.4 External Tree Properties and Sawmill Industry 
 
The most important external quality properties affecting the processability of stems in 
sawmill industry are stem form, stem form defects, defects on tree surfaces, and branchiness. 
The size of the stem or log is also a quality factor since it sets limits on the processability and 
may also affect the profitability of processing.  
  
Stem form is usually described by taper, slenderness, form ratio, and form factors, e.g. breast 
height form factor. Stem form information is essential for calculating accurate stem volume. 
The stem form characteristics are determined as follows (Vuokila 1987): 
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Taper is the stem form characteristic used most often in forest mensuration. Taper is 
expressed as the difference between diameters measured at breast height and at 6 metres in 
trees over 7 metres in height (Tapion taskukirja 2002). Breast height form factor determines 
the ratio between the real stem volume and the cylindrical volume restricted by the cross-
sectional area at breast height and tree height. The higher the ratio, the better the stem form. 
The stem volume is generally determined by volume functions based on regression analysis 
instead of geometrical forms (Laasasenaho 1982, 1983).  
 
Stem form varies with tree species, geographical location, site, tree age, and crown class 
(Ilvessalo 1920; Laitakari 1929; Lappi-Seppälä 1929; Nyyssönen 1952; Sirén 1952). It is 
essential to understand that every silvicultural treatment affecting development of the tree 
crown also affects stem form development (Larson 1963). After thinning, the stem form of the 
remaining trees becomes poorer since growth is first allocated to the base of the stem 
(Nyyssönen 1954; Vuokila 1960, 1965). The opposite effect can be achieved by pruning 
living branches (Lakari 1920; Lappi-Seppälä 1934, 1937). However, the pruning effect may 
be short-term, and extensive pruning is not reasonable because of loss of growth (Vuokila 
1968). Fertilization also improves the stem form, but the effect is marginal and short-term 
(Saramäki 1980). According to Gustavsen and Fagerström (1983), form factor correlates 
negatively with site fertility. A study concerning the development of peatland-originating 
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Scots pine on mineral soil indicated that the stem form typical of peatland trees depends on 
site factors, not on the origin of trees (Päivänen 1989).  
 
Stem form defects that most strongly affect the processability of stems are sweep, crooks, 
forks, and ovalness. Sweep and crookedness are common especially in pine stands 
regenerated by planting (Uusvaara 1974), but stem form defects are also found in naturally 
regenerated trees both on mineral soil and peatland (e.g. Tikka 1935; Kalela 1937; Kangas 
1962; Verkasalo and Maltamo 2002). Asikainen and Panhelainen (1970a) stated that sweep of 
saw logs is inconvenient in several ways. Sweep reduces the yield of square-edged sawn 
timber. Sawn timber from logs with sweep contains slope of grain, which lowers its usability 
for many purposes. Logs with sweep often contain compression wood, which causes warping 
and checking in sawn timber and is a serious problem in mechanical wood processing (see 
also Section 1.5). A severe formation of compression wood causes eccentric growth in trees, 
which manifests as ovalness. Besides the sweep, ovalness of stem has an effect on the yield of 
sawn timber. According to Asikainen and Panhelainen (1970b), the sawing direction of a log 
is decisive. If an oval log is sawn correctly, i.e. in the direction of the maximal diameter, 
ovalness has no significant effect on the yield of sawn timber. However, in the manufacturing 
of plywood, ovalness of logs is always harmful since it decreases veneer yield (Kärkkäinen 
1978).   
 
Defects on tree surfaces, such as shakes and scars, are commonly caused by frost, forest fire, 
animals, or man (e.g. Kärkkäinen 2003). Since fungi usually spread into a tree through a 
wound in the roots, special attention should be paid to the methods and quality of timber 
harvesting. The area of a stem defect, especially its depth has been found to explain the 
spread of decay in stems (Kärkkäinen 1971; Isomäki and Kallio 1974).  
  
Branchiness characterizes the incidence of outer branches of a tree. It should be distinguished 
from the term knottiness, which means the incidence of knots in wood material  (Heikinheimo 
1953). In Finnish, the terms used are oksikkuus and oksaisuus, respectively. Unfortunately, 
this distinction is often not very clear among researchers. The factors affecting branchiness in 
Finnish conifers have been reported in numerous studies (Heikinheimo 1953; Kärkkäinen 
1972a; Uusvaara 1974; Kellomäki and Tuimala 1981; Kellomäki 1984; Turkia and Kellomäki 
1987; Kellomäki et al. 1992). Site fertility and growing space of a tree have been established 
to be the most essential factors. According to Kärkkäinen (2003), stand density affects 
branchiness by affecting stem diameter. If stems of the same size are compared, different 
stand density has only a marginal effect on the size of the largest living branch. If branches 
become large, natural pruning takes longer, and the quality of stems becomes poor. Despite a 
clear connection between site fertility and tree branchiness, site type has not been found to be 
a good predictor of the internal quality of pines (Heiskanen 1965; Kärkkäinen 1980; Turkia 
and Kellomäki 1987). For that reason, tree characteristics, such as distance from the ground to 
the lowest living branch or to a dead branch, have been used as predictors of the quality of 
sawn timber (Kärkkäinen 1980; Uusitalo 1995). Prediction of quality of sawn timber is 
discussed in greater detail in Section 1.6. 
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1.5 Wood Properties and Their Role as Indicators of Wood Quality 
 
The most important wood properties are annual ring width, latewood proportion, wood 
density, heartwood proportion, juvenile wood, and proportion of compression wood. The 
content of extractives can sometimes also be useful. The wood properties affect weight, 
hardness, toughness, and strength of wood products, among others. 
  
Annual ring width describes the growth rate of a tree and is associated with many other wood 
properties. Narrow-ringed wood close to the pith indicates slow early growth and small 
branches, and consequently high internal quality (Heiskanen 1954b, 1965). Annual ring width 
depends on tree species, tree age, site fertility, and seasonal growing conditions, of which 
temperature sum and precipitation of the growing period are the most important (Henttonen 
1984). Within a single tree, the annual ring width can vary markedly, typically decreasing 
towards the bark, excluding the juvenile phase of the tree (e.g. Mikola 1950; Eklund 1967). In 
trees grown on drained peatlands, the boundary between the narrow-ringed wood formed 
before drainage and the wide-ringed wood produced after drainage is often very clear. 
Ollinmaa (1960, 1981) has reported on some wood properties in these different zones. 
  
Latewood proportion is commonly defined as a pergentage of the annual ring width. In 
spruce, the width of latewood correlates negatively with annual ring width (e.g. Mikola 1950; 
Worral 1970). In pine, this relation has been found to be different. Mikola (1950) concluded 
that broad annual rings in pine were expressly due to vigorous latewood formation. The 
density of latewood may be threefold the density of earlywood (Kollmann and Côté 1968). 
High wood density is generally known to have a positive effect on the strength of wood, and 
thus, a high latewood proportion has a positive effect on the strength properties of timber. 
  
Wood density can be determined from sample discs, sample pieces, or increment cores from 
standing trees. The average wood density in stems has traditionally been determined from 
sample discs or cores taken from different heights in a tree since immersing and weighing of 
logs or stems is laborious. The mercury immersion method introduced by Ericson (1959) has 
for the most part been abandoned and today volume is mainly determined by water immersion 
method. Mass of a sample piece is measured with accurate scales. Modern methods for wood 
density measurements based on X-ray (tomography) and image analysis techniques will 
probably become widespread in the future (see e.g. Wilhelmsson et al. 2002). Since wood is a 
hygroscopic material, i.e. it absorbs or loses water, the mass and volume of wood pieces are 
dependent on the moisture in wood. The following definitions for wood density have been 
presented by Kärkkäinen (2003): 
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Wood density is most commonly expressed as basic density, i.e. oven-dry mass per green 
volume. In older studies, wood density has also been determined as oven-dry density. The 
relations between these definitions are expressed as follows (Kärkkäinen 2003): 
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Based on a large data from the National Forest Inventory tracts in Finland, the average basic 
density of knot-free stem wood was found to be 380 kg m-3 for spruce and 403 kg m-3 for pine 
(Hakkila 1979). According to Hakkila (1968), the wood density for pine is on average highest 
in the central parts of Finland, decreasing towards the north, and even more clearly towards 
the south. The wood density for spruce decreases from north to south along with enhanced 
growing conditions. Based on Hakkila´s results (1979), wood density increases with 
increasing tree age and decreases with increasing site fertility. When the mineral soil sites and 
undrained peatlands were compared, the wood density of spruce was found to be higher on 
peatlands than on any mineral soil site type. The wood density of pine was higher on 
peatlands than on Myrtillus type but lower than on Vaccinium type mineral soil (Hakkila 
1979). The negative correlation between site fertility and wood density has also been reported 
in many other studies both for spruce (Ericson 1966; Hakkila 1966; Hakkila and Uusvaara 
1968; Velling 1976; Saranpää 1983; Kärkkäinen and Dumell 1983) and pine (Jalava 1933; 
Siimes 1938; Uusvaara 1974). According to Saikku (1975a), wood density of pine reaches the 
highest value when annual ring width equals 0.8 mm. Fertilization of the stand decreases 
wood density (Saikku 1975a, 1975b; Lindström 1996). The wood density of suppressed and 
co-dominant spruces is higher than that of dominant spruces (Johansson 1993). Kärkkäinen 
(1984) reports that the growth rate of a tree does not explain all the variation in wood density 
between stems but that an inter-tree competition factor is involved in a complicated manner. 
In Sweden, Wilhelmsson et al. (2002) found that stem diameter, number of annual rings, and 
climatic indices accounted for 50% and 59% of the basic density variation in spruce and pine, 
respectively. 
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Within a single spruce or pine, the wood density increases from pith to bark (Tamminen 1962, 
1964; Hakkila 1966, 1979; Uusvaara 1974; Velling 1976; Frimpong-Mensah 1987), in pine, 
however, clearly more so than in spruce. According to Nylinder (1953), dry density for spruce 
decreases first near the pith but increases again towards the bark. The changes of wood 
density in the longitudinal direction of the stem are connected with changes in the radial 
direction. In tree species where wood density increases from pith to bark, density decreases 
from butt to top of tree (Kärkkäinen 2003). In pine, the decrease in wood density from butt to 
top of tree may be more than 100 kg m-3 (Jalava 1945; Tamminen 1962; Hakkila 1966; 
Uusvaara 1974; Björklund and Walfridsson 1993). In spruce, this decrease is small, usually 
10-30 kg m-3 (Tamminen 1964; Hakkila 1966; Ericson 1966; Hakkila and Uusvaara 1968). 
The radial and longitudinal variations of wood density are dependent on the density 
characteristic used (basic density, dry density, green density) (see e.g. Tamminen 1962, 
1964). The wood density was determined as basic density in all of the investigations 
mentioned above, except for Jalava (1933, 1945), Siimes (1938) and Nylinder (1953), where 
it was determined as dry density. Besides these, Tamminen (1962, 1964) determined wood 
density as green density.  
 
Heartwood proportion can be expressed as the share of diameter, cross-sectional area, or 
volume. In pine, heartwood proportion reaches a maximum at a relative height of 20-30% 
(Lappi-Seppälä 1952; Nylinder 1959, 1961a; Tamminen 1962; Ericson 1966; Hakkila 1967b; 
Björklund and Walfridsson 1993). In spruce, the corresponding value is slightly lower 
(Nylinder 1961b; Tamminen 1964; Ericson 1966). 
 
Heartwood proportion is affected by tree age and growth rate. Heartwood proportion 
correlates negatively with high growth rate, high crown ratio, and dominance of trees (Lappi-
Seppälä 1952; Sellin 1991; Koivuniemi 1992; Ojansuu and Maltamo 1995; Björklund 1999). 
According to Kärkkäinen (1972b), the effect of growth rate on heartwood proportion should 
be divided into two parts. The heartwood proportion is lower in fast-grown trees than slow-
grown trees of the same size but is higher in fast-grown trees than slow-grown trees of the 
same age. This conclusion is in agreement with the results of Tamminen (1962, 1964).  
 
Heartwood proportion in spruce and pine logs decreases from north to south (Bruun 1967; 
Hakkila 1968). This is because trees grow more slowly in the north than in the south, and 
thus, logs of the same size are older in the north. The difference in heartwood proportion 
between spruce and pine of the same site and tree age has not been investigated thoroughly. 
However, several studies indicate that the heartwood proportion is generally higher in spruce 
(Nylinder 1961a, 1961b; Tamminen 1962, 1964; Bruun 1967; Hakkila 1968). High heartwood 
proportion is usually an advantage for the use of wood. In pine, for example, the heartwood is 
resistant to decay. In the manufacturing of plywood, dry heartwood can be problematic since 
it may cause ripping in veneers (Hyyryläinen 1999). The chemical composition, e.g. the 
amount of extractives, in heartwood and sapwood is distinctly different (Hillis 1987). 
 
In the context of wood transformation, the concept of juvenile wood is also presented. 
Juvenile wood represents the wood near the pith formed by the first 5 to 20 annual rings, 
which vary among species (Hakkila 1989). The indefiniteness of juvenile wood is due to the 
continuum in different wood properties (Kärkkäinen 2003). Juvenile wood transforms 
gradually into heartwood, excluding the top of the tree. The presence of juvenile wood is 
harmful in mechanical wood processing because of its low density and strength (Saranpää 
1994).  
 
 20
Compression wood is glossy and dark. Furthermore, it is heavier, harder, and tougher than 
normal wood (e.g. Ollinmaa 1955). Timell (1986) states that no conifer can maintain its 
intrinsic growth habit without compression wood for very long. The presence of compression 
wood is common in stem and branches, but small amounts can also be found in roots (Timell 
1986). Stem compression wood forms in conifers mainly on the lower side of leaning or bent 
stems. Compression wood is associated with various stem form defects, such as sweep, 
crookedness, and eccentricity of growth. Tikka (1935) observed a difference in the location of 
compression wood between spruce and pine. In pine, compression wood was located evenly 
along the stem, whereas in spruce it occurred more frequently at the base of the tree. 
Compression wood is closely related to opposite wood, which represents the wood formed on 
the opposite side of compression wood in the stem. Normal wood is placed between 
compression wood and opposite wood when different wood properties are considered (Timell 
1973).  
 
The problems in mechanical wood processing caused by compression wood are connected to 
defects in colour, distortion, twisting, and checking (e.g. Ollinmaa 1955). Warensjö and 
Lundgren (1998) observed a clear correlation between amount of compression wood and bow 
and crook, both in green and kiln-dried spruce sawn timber. According to Timell (1986), the 
deformations of sawn timber are dependent on the proportion of compression wood, its 
location, and the ratio of compression wood to normal wood. The higher the amount of 
compression wood compared with the volume of a sawn piece, the greater the probability of 
warping. Warping that occurs in sawn timber may also be due to slope of grain, spiral grain, 
and juvenile wood.  
 
Kärkkäinen and Raivonen (1977) have referred to several studies in which the effect of 
compression wood on mechanical properties of green and dry wood have been found to be 
different. Compression strength is higher in green compression wood than in normal wood, 
when the higher density of compression wood is ignored (Ollinmaa 1959; Cockrell and 
Knudson 1973). Tensile strength and impact strength are lower in dried compression wood 
than in normal wood evidently because of extensive shrinkage of dried compression wood in 
the longitudinal direction (Kärkkäinen and Raivonen 1977). The effect of compression wood 
on the strength of sawn timber should not, however, be overestimated since knots and slope of 
grain likely have a stronger impact.  
 
The quality requirements of saw logs (Havutukkien…1993) do not directly restrict the 
amount of compression wood. However, the maximum allowable sweep limits the incidence 
of compression wood in saw logs. Severe compression wood is not allowed in spruce logs for 
the plywood industry (Kuusivaneritukin laatuohje 1998). In the Nordic Timber grading rules 
(Pohjoismainen sahatavara 1994), a maximum compression wood percentage by volume has 
been assessed for each grade. It is generally presumed that trees grown on peatland contain 
more compression wood than trees grown on mineral soil sites based on the abundance of 
stem form defects observed in peatland trees.  
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1.6 Prediction of Quality of Sawn Timber 
 
Evaluation and prediction of quality of sawn timber from standing trees or logs has been of 
interest among researchers for decades in the United States and in the Nordic countries. The 
aim has been to identify external tree properties that would optimally explain the internal 
quality. The predictors of internal properties should also be easily measurable. Accurate 
information about the properties of raw material has become increasingly important in the 
logistics of wood procurement (Uusitalo 1995). 
 
The models of knottiness of wood material in pine and spruce clearly show a difference 
between these tree species (Kärkkäinen 1986a) (Fig. 2). It should be noted that the shares of 
knot-free and dry knot sections by volume are larger than the corresponding areas indicate in 
Fig. 2. In pine, both the knot-free and dry knot sections are larger than in spruce. Predicting 
quality of centre yield is difficult because quality changes are very sensitive to the location of 
battens in the radial direction of the stem (see Fig. 2, left). However, cutting of pine stems 
into logs based on external properties has proved to be an effective means of influencing the 
quality of valuable side yield.  
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Fig. 2. Longitudinal knot sections of Scots pine (left) and Norway spruce (right) with breast 
height diameter of 27 cm in southern Finland. 1= sound knot section, 2 = dry knot section,  
3 = knot-free section (Redrawn from Kärkkäinen 1986a). 
 
 
The value relations between saw logs of different grades have been considered in several 
studies (Heiskanen 1951, 1954a; Heiskanen and Asikainen 1969; Kärkkäinen 1986b; Uusitalo 
1989). Since information on value relations of saw logs is only partly of use in production 
planning, methods suitable for predicting the proportion of a single grade in saw logs or stems 
have also been applied. Usually, the methods have been based on linear regression (e.g. 
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Kärkkäinen 1980). The problem lies in the quality of sawn timber being expressed as a 
categorical variable (i.e. grade). A linear regression model is not very good in this case since 
a single log, log class, or whole material may be insufficient such that the highest grades in 
particular are lacking or that only a few observations are included. This may cause bias in the 
model. Uusitalo (1995) applied logistic regression analysis to predict the probability of a 
certain grade in a log. Using this method, the problems attributed to categorical values can be 
avoided.  
 
The grades U/S, V, and VI of the Green book (Vientisahatavaran lajitteluohjeet 1979) – 
initially defined in 1936 – have officially been replaced by the grades of the Nordic Timber, 
i.e. Blue book (Pohjoismainen sahatavara 1994). The prediction of sawn timber fixed to the 
traditional grades is partly theoretic since in practice the trading of sawn timber does not 
strictly follow the grading rules but is more or less custom-oriented. Thus, future quality 
models should be flexible and independent of fixed grades.  
 
 
1.7 Hypotheses, Aims, and Scope of the Study 
 
Only a few studies have investigated the properties of spruce and pine grown on peatlands. 
The main reason for this is likely that current cutting removals from peatland stands have 
been minor compared with total cutting removals from Finnish forests. Peatland stands have 
merely been responsible for reference material in studies concerning the properties of stands 
or single trees on mineral soil sites (e.g. Hakkila 1966, 1979). Activity in wood quality 
research had not increased until the late 1990s, when the importance of peatland stands for 
future cutting removals was recognized (Tomppo 1999; Nuutinen et al. 2000; Hökkä et al. 
2002). At present, the timber harvested from peatlands is mixed with the flood of roundwood 
going to sawmills or to the pulpwood industry, and thus, its share is unknown. Since the 
manufacturing of high quality products requires a stricter classification of roundwood, there is 
also an increased need to uncover the special characteristics of peatland trees affecting 
mechanical wood processing and the quality of end-use products. 
 
The primary hypothesis of this study is that the growing conditions of peatlands, especially 
the characteristics of peat soil, affect both the phenotype of trees and wood properties. Trees 
growing on peatlands are prone to stem form defects and formation of compression wood. 
Furthermore, wood material is formed heterogeneous on drained peatlands since the growth 
rate is accelerated by the improved growing conditions. As a result, the wood material 
produced can be assumed to differ from that of mineral soil sites, where this kind of a drastic 
change in growing conditions is usually missing. Some features in the wood material may 
also cause problems in its processing and use. To assess the significance of peatland 
characteristics on the wood material produced, the results of this study are compared with 
previous findings from mineral soil sites. Studies based on the measurements of the National 
Forest Inventories usually consist of a large material, and thus, they represent suitable 
references both for external and internal characteristics of spruce and pine. 
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Specific aims of this work are  
 
i) to clarify the most important external and internal quality properties of Norway spruce 
(Picea abies (L.) Karst.) and Scots pine (Pinus sylvestris L.) timber trees growing on 
drained peatlands,  
ii) to compare the quality properties of the trees with those of mineral soil sites to 
identify out the major differences, 
iii) to clarify the quality of sawn timber according to commercial grading rules, and the 
features determining the grade for sawn pieces, 
iv) to assess possible use objects for sawn timber in view of the quality requirements of 
the most common end-uses of spruce and pine, 
v) to assess the overall suitability of peatland stands for the sawmill and joinery 
industries. 
 
The tree characteristics that best predict the quality of sawn timber are also clarified. 
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2 MATERIALS AND METHODS 
2.1 Study Framework 
 
The study was divided into three parts: 1) external properties of trees, 2) internal properties of 
trees (wood properties), and 3) quality of sawn timber. Research followed the successive 
scheme outlined in Fig. 3. Since no reference material from mineral soil sites was collected, 
all results are compared with previous studies dealing with the same characteristics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Progress of the research work. 
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2.2 Sample Plots 
2.2.1 Selection of Sample Plots  
 
The study material was based on stand and tree measurements and test sawing material 
originating from 20 permanent sample plots. The sample plots – sized 600-2500 m2 – are 
located on state-owned land in the research areas of Ruotsinkylä (Vantaa and Tuusula), 
Vesijako (Padasjoki), and Vilppula (governed by the Finnish Forest Research Institute), and 
near the Hyytiälä Forestry Station (University of Helsinki) (Fig. 4).  
 
The tree stands chosen represented the first stand after drainage, and they were at the stage of 
regeneration maturity and dominated by Norway spruce or Scots pine. Other tree species – 
mainly pubescent birch (Betula pubescens Ehrh.) – were allowed if their relative proportions 
were minor. The site types chosen represented two nutrient levels for both tree species 
(Finnish term in parentheses): Herb-rich type (Rhtkg) and Vaccinium myrtillus type (Mtkg) 
dominated by spruce, and Vaccinium vitis-idaea type (Ptkg) and Dwarf-shrub type (Vatkg) 
dominated by pine. Vaccinium myrtillus and Vaccinium vitis-idaea types are further divided 
into types I and II (see Laine 1989), but for our purposes were considered as combined types. 
Five sample plots were selected to represent each category. The sample stands had been 
thinned regularly. The thinnings had been carried out to achieve maximum yield. 
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Fig. 4. Location of sample plots: 1 Ruotsinkylä (9 sample plots), 2 Vesijako (2), 3 Hyytiälä 
(6), and 4 Vilppula (3). 
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2.2.2 Stand and Tree Measurements 
 
All trees in sample plots, i.e. counted trees, were measured for dbh (diameter at breast height, 
i.e. at a height of 1.3 m above ground level). The permanent sample trees (10-40 trees per 
plot) were measured as standing sample trees. These trees were measured for dbh (mm), tree 
height (h, dm), height of the living crown (hc, dm), dead branch height (hdb, dm), and diameter 
at a height of 6 m (d6, cm). Tree height and branch height characteristics were measured with 
a Vertex height metre. Diameter at a height of 6 m was measured with a caliper using 1-cm 
intervals. The cause for termination of a log section was also determined (code, see Appendix 
2). The most important stand characteristics are presented in Tables 1 and 2. The data 
correspond to the date after the last measurements (year 1998) before felling of the trees. 
 
 
Table 1. Stand characteristics of spruce. 
 
Stand Location Site Area Drainage A 1) Tree N 2) D g
3) G 4) H 5) V  (o.b.)6)
type (ha) (year) (years) species (stems ha-1) (cm) (m2 ha-1) (m) (m3 ha-1)
18 Ruotsinkylä Rhtkg 0.2 1929 67 Spruce 420 33.3 34.0 25.6 370.5
Birch 15 19.3 0.4 22.4 4.3
Total 435 33.1 34.4 25.5 374.8
25 Ruotsinkylä Rhtkg 0.2 1933 85 Spruce 385 35.8 36.2 29 466.7
41 Ruotsinkylä Rhtkg 0.125 1930 119 Spruce 344 33.5 28.3 28.7 372.9
Birch 16 26.8 0.9 26.6 12.0
Total 360 33.3 29.2 28.7 384.9
48 Ruotsinkylä Rhtkg 0.11 1933 61 Spruce 491 27.6 27.9 24.9 329.6
Birch 9 28.0 0.6 25.2 6.6
Total 500 27.6 28.5 24.9 336.2
J13 Vilppula Rhtkg 0.075 1912 115 Pine 53 29.1 3.5 * *
Spruce 347 35.2 31.5 29.3 415.0
Birch 40 23.7 1.7 * *
Total 440 34.1 36.7 * *
13 Ruotsinkylä Mtkg 0.135 1925 87 Spruce 341 34.7 29.3 28.4 381.4
Birch 67 24.8 3.1 24.8 36.4
Total 408 33.8 32.4 28.0 417.8
37 Ruotsinkylä Mtkg 0.25 1925/-51 71 Spruce 620 25.5 29.3 23.5 323.1
B8 Hyytiälä Mtkg 0.08 1913 128 Spruce 450 30.4 28.7 23.7 322.0
Birch 13 11.7 0.1 * *
Total 463 30.3 28.8 * *
B25 Hyytiälä Mtkg 0.12 1965 119 Pine 150 27.3 7.8 * *
Spruce 775 21.6 24.5 20.3 235.0
Birch 67 19.4 1.9 * *
Total 992 22.8 34.2 * *
22 Vilppula Mtkg 0.14 1930 68 Pine 57 28.7 3.5 24.2 41.5
Spruce 329 25.1 12.3 21.9 132.5
Birch 236 23.5 9.2 21.3 99.2
Total 622 25.1 23.0 22.0 273.2  
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* Not measured or determined 
1) Stand age (A) is determined as the mean age at stump height of felled sample trees. 
2) N is the number of the living trees per hectare. 
3) Dg is the mean diameter of trees weighted by the basal area. 
4) G is the basal area of the living trees per hectare. 
5) H is the mean height of all sample trees. 
6) V (o.b.) is the volume of the living trees per hectare. 
 
 
Table 2. Stand characteristics of pine. 
 
Stand Location Site Area Drainage A 1) Tree N 2) D g
3) G 4) H 5) V  (o.b.)6)
type (ha) (year) (years) species (stems ha-1) (cm) (m2 ha-1) (m) (m3 ha-1)
8 Ruotsinkylä Ptkg 0.075 1929 82 Pine 493 27.9 31.1 24.9 361.5
Spruce 13 24.7 0.6 23.9 7.3
Birch 13 26.5 0.7 25.8 8.5
Total 520 27.8 32.5 24.9 377.3
9 Ruotsinkylä Ptkg 0.125 1929 81 Pine 624 26.1 30.8 23.3 338.1
Spruce 24 34.5 1.9 25.8 22.5
Total 648 26.6 32.7 23.5 360.6
14 Vesijako Ptkg 0.125 1914 81 Pine 448 25.9 22.0 21.7 217.0
20 Ruotsinkylä Ptkg 0.075 1926 146 Pine 453 29.4 28.8 22.8 312.1
B21 Hyytiälä Ptkg 0.2 1955 116 Pine 550 23.4 21.8 19.9 200.0
Spruce 5 13.2 0.1 10.0 0.4
Birch 5 15.1 0.1 13.0 0.6
Total 560 23.3 22.0 19.8 201.0
B13 Hyytiälä Vatkg 0.09 1915 101 Pine 611 22.1 21.6 18.7 184.0
B14 Hyytiälä Vatkg 0.12 1915 110 Pine 483 22.2 17.3 18.2 152.0
B15 Hyytiälä Vatkg 0.12 1915 102 Pine 441 23.6 18.3 19.4 167.0
5A Vesijako Vatkg 0.135 1914 168 Pine 444 23.9 18.3 16.8 151.5
XIII Jaakkoinsuo Vatkg 0.09 1923 120 Pine 444 22.8 16.8 16.8 136.5  
 
Superscripts as in Table 1. 
 
 
The stand characteristics were calculated using KPL software developed at the Finnish Forest 
Research Institute (Heinonen 1994). Stand age is only suggestive since age variation within a 
stand was usually large. One spruce stand in Ruotsinkylä (48) had been regenerated by 
planting, while other stands had been naturally regenerated. Most spruce stands had a natural 
admixture of pubescent birch (Table 1).  
 
Ten timber-sized trees were felled from each sample plot. The minimum diameter at breast 
height was set at 19 cm for spruces and 17 cm for pines. The selection of sample trees in a 
plot was based on its DBH distribution. Trees fulfilling the minimum diameter were grouped 
into 2-cm classes. The percentage of trees in each diameter class formed a weight of the 
sample trees to be felled (10). The trees to be felled were then sampled randomly within each 
diameter class. An example of the method used is presented in Fig. 5.  
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Fig. 5. DBH distribution of the trees on sample plot B13. The number of trees to be felled in a 
diameter class has been marked with hatched lines. 
 
2.2.3 Scaling of Felled Sample Trees and Quality Grading of Logs 
 
Felled sample trees were measured for the same external characteristics as standing sample 
trees. Tree height and branch height characteristics were measured by measuring tape. The 
stems were cut into lengths by a professional forest worker following the quality requirements 
for saw logs (see Appendix 1). Each log was marked so that its origin could be traced 
afterwards. Sample discs were taken in connection with scaling from the butt end of each log 
and from the top end of the top log. Tree top discs were taken at intervals of 2 m to a diameter 
of 7 cm. In spruce, one disc and in pine two discs were taken from each cut. The sample discs 
were marked indicating north and a code representing the sample plot, sample tree, and 
sample height.  
 
Both the spruce and pine logs were graded according to their external properties. Pine logs 
were graded as in practice by using ABC grading, where grade A represents knotless butt 
logs, grade C1 butt logs with knots, grade C2 middle logs with dry knots, and grade B top 
logs with sound knots. The logs, which did not fulfill the quality requirements of these grades, 
were graded to grade D (see Appendix 1). This method was applied to spruce logs with some 
modifications. Furthermore, the spruce logs were graded according to the grading rules for 
softwood logs used in the 9th National Forest Inventory. These rules resemble the grading 
rules for saw logs introduced by Heiskanen and Siimes (1959).  
 
Dead knots are often found inside the living crown of spruce. The proportion of dead knots 
was estimated separately. If their proportion was under 25% of the total knot number, the log 
was graded as grade B, otherwise as grade C2. The largest knots of a log were determined by 
the condition of knots: sound knot, dead knot, unsound knot, spike knot, buckle, and 
uncovered knot. In pine logs, the total number of knots (? ? 7 mm) was counted one by one 
according to the condition of knots. In spruce, the number of knots was not counted. Knot 
sizes were measured at right angles to the longitudinal direction of logs on a clean-limbed 
surface. 
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2.2.4 Determination of Stem Volume 
 
Stem volume for a sample tree was determined by the volume functions introduced by 
Laasasenaho (1982). The volume functions for spruce (Equation 10) and pine (Equation 11) 
are based on d, d6, and h.  
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A stem volume estimate can also be produced by taper curves. The taper curve models (see 
Laasasenaho 1982) are based on diameters measured at the following relative heights of a 
tree: 1, 2.5, 5, 7.5, 10, 15, 20, 30, 40, 50, 60, 70, 80, and 90%. At the base of the stem, where 
taper curve is more irregular than in other parts of the stem, diameters should be measured at 
short distances to achieve an accurate estimate of stem volume. In this study, a proper stem 
analysis was not carried out, instead diameter information was obtained from the points where 
the stem was cut. Besides these diameters, the dbh (mm) of each tree was known (Fig. 6). The 
diameter of a height of 6 m was not taken into account in this context because of the lower 
accuracy (cm).  
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Fig. 6. Sample taper curve of a pine stem (dbh = 278 mm, h = 251 dm). 
 
 
The taper curves were constructed by spline functions for each tree. Fortran-based software 
was used to estimate the stem diameter at 1-dm intervals. The total stem volume was 
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calculated by summing the volumes of these 1-dm sections, which were determined by the 
formula for a truncated cone (Equation 12). Spline functions were utilized to obtain an 
accurate estimate (mm) for the diameter at a height of 6 m (d6s). 
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2.3 Wood Property Measurements  
 
Sample discs were measured for the following wood properties: annual ring width, latewood 
proportion, heartwood proportion, proportion of compression wood, and basic density. 
Defects, such as shakes and decay, were also registered. The material comprised 764 spruce 
and 684 pine sample discs.  
 
Annual ring width was measured both in the south and north directions from the pith by a 
growth ring measuring device. Each ring was measured separately for the width of earlywood 
and latewood tissues. Latewood proportion relating to the sample disc was calculated by 
taking into account the distance of the growth ring from the pith. The distinction between 
earlywood and latewood tissues is usually based on Mork´s definition (1928), which states 
that latewood tissue in conifers begins at the point where the cell wall in the tangential 
direction between two cells exceeds the width of cell lumen in the radial direction. The rule 
cannot be followed strictly, however, since the magnification required is quite high making 
measurements slow and laborious. Here the demarcation between earlywood and latewood 
tissues was made by the difference in colour.  
 
Heartwood proportion was calculated by dividing the heartwood area by the total cross-
sectional area of the disc. The corresponding areas were based on the mean of the minimum 
and maximum diameters of the characteristics.  
 
Proportion of compression wood was estimated as a percentage of the total cross-sectional 
area of a disc as follows: 
 
1. 0% 
2. 1-10% 
3. 11-20% 
4. 21-30% 
5. 31-40% 
6. 41-50% 
7. > 50% 
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Stem ovalness usually correlates with compression wood. Ovalness of sample discs was 
determined as the difference between the largest and smallest diameters of a disc divided by 
the mean of these diameters. 
 
Wood density was determined as basic density, i.e. ovendry mass per green volume. The 
variation in basic density was studied both in the radial and longitudinal directions in the 
stem. The mean basic density was calculated for stems and sample plots. The method for 
determining the basic density varied between the tree species. In spruce, the basic density was 
measured and calculated from the pith to the south direction. A wood bar 30 mm in width was 
sawn from the pith to the bark and cut uniformly into pieces of 25-40 mm in length depending 
on the total length of the bar (Fig. 7). The mean basic density for a spruce sample disc was 
calculated by weighting each piece with the cross-sectional area of disc represented by it.  
 
 
 
 
Fig. 7. Sampling of wood density in spruce discs. 
 
 
In pine stems, the longitudinal variation of basic density was studied from whole sample 
discs. The variation of basic density in the radial direction in pine stems, as in spruce, was 
based on sample pieces taken from pith to bark. However, the wood bar was 25 mm in width 
and the basic density was determined both in the south and north directions. The bar was 
divided uniformly into sample pieces of 20 mm in size. Sample pieces containing both 
heartwood and sapwood were divided into separate pieces. The sample pieces taken 
represented knot-free wood.  
 
 
Procedure for the determination of basic density and moisture content: 
 
1. Weighing of green sample pieces (or discs) by accurate scales ? green mass. 
2. Determination of volume of sample pieces by a water immersion method ? green volume. 
3. Drying of sample pieces in an oven at a temperature of 103?C for 48 hours: ISO 3131  
(ISO 1975). 
4. Weighing of dried sample pieces (or discs) by accurate scales ? dry mass. 
 
 
Basic density was calculated according to Equation 6. 
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The mean basic density for a bolt was calculated by weighting the densities of butt and top 
end discs with their cross-sectional areas. The mean basic density for a stem was calculated 
by weighting basic densities of the bolts with their volumes (Equation 13).  
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The log volumes (u.b.) were obtained from a log scaler in connection with the sawing 
procedure. The volumes of bolts of pulpwood were calculated by the formula for a truncated 
cone (see Equation 12). The mean basic density represents the part of a stem from which 
sample discs were taken. Thus, tree tops under a diameter of 7 cm were ignored. Their 
influence on the mean basic density of a stem is, however, insignificant because of their 
minor volume. Estimates of basic density were usually extended to a relative height of 90%. 
An estimate of the mean basic density for a stand was determined by weighting the basic 
densities of sample trees with their volumes. The moisture content of sample pieces (discs) 
was calculated using Equation 14. 
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2.4 Sawing Experiments  
2.4.1 Stages 
 
The sawing experiments were carried out at Pori College of Forestry in the municipality of 
Kullaa, western Finland, following an industrial process.  
  
 
The sawing experiments consisted of the following stages: 
 
1. Measuring of logs by a log scaler.  
2. Sawing of logs according to Nordic practices. 
3. Marking of sawn timber. 
4. Grading of green sawn timber. 
5. Kiln-drying of sawn timber to a moisture content of ca 20% (export dry). 
6. Grading of kiln-dried sawn timber. 
7. Kiln-drying of sawn timber to a moisture content of ca 10% (joinery dry) and ripsawing. 
 
 
The stages of the sawing experiments are discussed in more detail in the following sections. 
 
2.4.2 Measuring of Logs 
 
The logs were measured before and after debarking by an optical log measuring device, 
Elmes, where the scanning of logs is based on 3D laser measurements. The logs were 
measured for length (cm), volume (dm3), top diameter (0.1 mm), sweep (mm), and taper 
(mm). Accuracy of the characteristics is presented in parentheses. Sweep was determined as 
the maximum deviation from the sideline drawn through top and butt ends of a log. Taper was 
determined as difference in diameter between butt and top ends of a log divided by the log 
length (mm m-1). 
 
2.4.3 Sawing of Logs and Marking of Sawn Timber 
 
The logs were sawn according to Nordic practices (double cut), where the first phase is a 
block sawing phase and the second a re-sawing phase. The sawing was done using a double-
band saw with chipping canters. In the first phase (Fig. 8, left), the two opposite sides of a log 
were processed with chipping canters and the side yield was divided into boards. In the 
second phase, the sides were processed with chipping canters, the side yield was divided into 
boards, and the centre yield was divided into 2, 3, or 4 battens (Fig. 8, right). The number of 
cuts depended on the blade settings used. In both phases, the boards continued to edging. The 
edging of boards was controlled by a laser beam, but the operator of the edger ultimately 
decided the width of a board.  
 
For pine, two collections of blade settings were used: butt logs grade A and other logs (grades 
B, C1, C2, and D). Spruce logs were sawn by one collection of blade settings (independent of 
log quality). Most top diameter classes of logs contained alternative blade settings. To make it 
easier to carry out the kiln-drying experiments, blade settings yielding sawn pieces of the 
same thicknesses were applied when possible. The blade settings chosen were those 
commonly used in the Finnish sawmill industry (see Appendix 3). The sawn timber was 
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marked by its location in the log (view from butt end) (Fig. 8). Log number was included in 
the code to enable tracing of the origin of a sawn piece afterwards (e.g. 1-S1).  
 
 
 
 
Fig. 8. Sample of the marking of sawn timber: block sawing phase (left), re-sawing phase 
(right). 
 
2.4.4 Grading of Sawn Timber 
 
The sawn pieces were graded as green and kiln-dried according to the grading rules of Nordic 
Timber (Pohjoismainen sahatavara 1994). Dried centre yield was also graded according to the 
stress grading rules of NS-INSTA 142 (NS-INSTA 142 1997) and T-grading (Lipitsäinen 
1994). An experienced grader was responsible for all gradings of sawn timber. Value ratios of 
pine sawn timber introduced by Metsäteho Oy were applied in grading (Nordic Timber) of 
sawn timber of both tree species (Appendix 4).  
 
Nordic Timber includes the main grades A, B, C, and D, of which A is the highest, containing 
subgrades A1, A2, A3, and A4. Besides these grades, Nordic Timber also defines wane 
grades as schaalboards (VL or KL), knot-free three sides (OKS), and halvrena side yield 
(PP). Abbreviations used in the study are presented in parentheses. Schaalboards were divided 
into export quality (VL) and domestic quality (KL) according to the proportion of wane. 
Nordic Timber defines wane centre yield as halvrena centre yield. 
 
The quality of side yield was studied in two ways: including wane and excluding wane. The 
first case represents the quality produced by the sawing process, where wane is a defect 
lowering the quality of sawn timber. The share of wane in sawn timber depends, for instance, 
on the blade settings used. The second case represents the internal quality of logs, in which 
knots and other natural defects determine the quality of sawn timber. In other words, the sawn 
timber was graded as though no wane existed. The pieces of sawn timber that failed to meet 
the quality requirements of the grading rules were classified as rejects (Re). The sawn timber 
originating from saw logs of grade D was ignored. 
 
Stress grading is based on correlations between features of sawn timber and the bending 
strength observed. The most important defects lowering bending strength are knots, 
disturbance of grain, shakes, compression wood, and decay. The grades of the visual stress 
grading rules of NS-INSTA 142 are T3 (30), T2 (24), T1 (18), and T0 (14), in descending 
order of strength. The characteristic values of bending strength (N mm-2=MPa) are presented 
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in parentheses. In T-grading, the highest grade is T40, followed by T30, T24, and T18. The 
grade directly shows the characteristic value of bending strength.  
 
A special form was used in the grading of sawn timber (Appendix 5). The following 
information was filled out on this form: 
 
- Code of a sawn piece 
- Tree species 
- Dimensions of a sawn piece (thickness, width, length) 
- Grading (NT green, NT dried, T-grading, NS-INSTA 142) 
- Grade of a sawn piece and corresponding length 
- Primary feature determining grade (code, Appendix 6) 
- Location of feature (face, edge, arris) 
- Size(s) and number of feature(s) 
- Cause for cutting (code, Appendix 6)  
 
2.4.5 Drying of Sawn Timber 
 
The sawn timber was dried to a moisture content of ca 20% (export drying) in chamber kilns 
at Pori College of Forestry by optimal drying schemes based on dimensions of sawn timber. 
Since the volumes of sawn timber of certain thicknesses were small, some dimensions were 
combined to reach the optimal loading of the chamber (e.g. 63 and 75 mm in thickness). The 
drying schedules, constructed by the VTT (Technical Research Centre of Finland), were 
Schema 2 (centre yield) and Schema 3 (boards); these are presented in Appendix 8.  
 
2.4.6 Joinery Drying and Ripsawing of Centre Yield  
 
To study the suitability of sawn timber for joinery, the sawn timber was kiln-dried from a 
moisture content of ca 20% to ca 10%. The material for the experiments consisted of export 
dried sawn timber 50 and 75 mm in thickness of grade A quality (Nordic Timber). The 
ripsawing experiments were carried out after joinery drying to study the magnitude of internal 
stresses. 
 
 
Progress of the experiments: 
 
1. Cutting of a sawn piece according to the section of grade A. 
2. Measuring of moisture content in the middle and ends of a sawn piece (prEN 13183-2 1998).  
3. Measuring of shakes and deformations before the joinery drying. 
4. Loading of sawn timber for drying. 
5. Drying of sawn timber to a moisture content of ca 10% (Schema 2). 
6. Grading of sawn timber, inspection of features lowering the quality, and measuring of 
deformations. 
7. Ripsawing of sawn timber into 2 or 3 pieces by a circular saw (see Fig. 9).  
8. Marking of sawn pieces and measuring of dimensions, deformations, and shakes. 
 
 
The drying deformations were determined from 94 spruce and 53 pine sawn pieces. The 
corresponding total volumes were 5.0 m3 and 1.5 m3. The ripsawing of sawn pieces yielded 
236 pieces of spruce and 109 pieces of pine. 
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Fig. 9. Ripsawing of centre yield. 
 
 
2.5 Determination of Value of Roundwood as Sawn Timber 
2.5.1 Stand-Level 
 
A quality factor of roundwood was determined for each stand to compare between-stand 
variation in quality of sawn timber. The quality factor of roundwood represents the mean 
value of sawn timber on a stand, as the centre yield size 50 × 100 mm of grade A is assigned a 
value of 100 (see Appendix 4). The quality factor of roundwood was determined as follows 
(Equation 15): 
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Gross volume represents the volume of a sawn piece before grading. In grading of sawn 
timber, the length-grade combination that maximizes the value of a sawn piece is chosen. To 
be able to do this, the value ratios of sawn timber have to be known. The grading yields the 
net volume of a sawn piece. The volumes were calculated by nominal dimensions, thus the 
shrinkage in drying was ignored. 
  
The quality factor of roundwood was calculated in three ways: 
  
1.  Value of kiln-dried centre yield 
2.  Value of kiln-dried side yield 
3.  Value of kiln-dried centre yield + side yield, i.e. total yield 
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Gross value and sawing value of logs were also determined for each stand. The gross value of 
logs was determined as follows: 
 
 
Gross value of logs (€ m-3) ? value of sawn timber ? value of by-products ?   (16) 
value of sawn timber ? value of sawmill chips ?  
value of bark and sawdust 
 
 
Since the price of sawn timber is not fixed but varies according to many factors, such as 
demand, the gross values of logs were calculated using several price levels: 170, 180, 190, 
200, 210, and 220 € m-3. The price levels represent the price of centre yield size 50 × 100 mm 
of grade A (see Appendix 4). The price of by-products was set at 50, 55, or 60 € m-3. The 
price of by-products is based on an interview (Ali-Raatikainen 2003). The sawing value of 
logs was determined as follows: 
 
 
Sawing value of logs (€ m-3) ? value of sawn timber =  
  gross value of logs - value of by-products    (17) 
 
 
2.5.2 Tree-Level 
 
The quality factor of roundwood was determined for the butt log, F1 (Equation 18), and for 
the whole log section, Fls (Equation 19), of each tree. The method is the same as for stand-
level (see Section 2.5.1). The quality factor Fls was determined as a weighted mean. 
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2.6 Statistical Methods   
 
The variation in wood properties was studied at three levels: within a stem, between stems, 
and between stands. Statistical analyses were carried out by the means of ANOVA, analysis of 
variance (SAS 1990). Furthermore, the tree characteristics best predicting the quality of sawn 
timber were clarified. Before construction of models, the correlations between tree variables 
were studied by correlation matrix. The correlation coefficients were calculated as follows: 
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, where sxy is the covariance between variables X and Y, and sx and sy the standard deviations 
of the variables (Equations 21-23).  
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, where xi and yi are values observed, x  and y  means of values observed, and n the number 
of observations (Ranta et al. 2002). 
 
In the models constructed, the quality factor of roundwood was the dependent variable. Since 
the dependent variable yields continuous values, a linear regression analysis could be applied 
(see Uusitalo 1995). The parameters were estimated by using MLwiN software (Goldstein et 
al. 1998), which estimates the fixed and random parameters simultaneously with the restricted 
iterative generalized least square (RIGLS) method. The models were constructed by entering 
the variables into the model one by one. The likelihood ratio test was applied to test the 
significance of each added predictor. The value of -2×log-likelihood was used as an indicator 
of the overall goodness-of-fit of the models. The reliability of models was evaluated by means 
of root mean square error, RMSE (Equation 24), relative RMSE (Equation 25), systematic 
error, i.e. bias (Equation 26), and relative bias (Equation 27). 
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, where yi is the value observed, ?yi  the value predicted, and n the number of observations. 
 
The general form of the regression equation is: 
 
 
????? ?????? kk XXXY ...2211        (28) 
 
, where Y is the dependent variable, X1…k the independent variables, ?1…k the parameters of 
independent variables, ?  the constant, and ? the error term of random variation (Ranta et al. 
2002). 
 40
3 RESULTS 
3.1 External Properties 
3.1.1 Tree Size and Stem Form Characteristics 
 
All trees exceeding 5 cm at breast height are included in the DBH distributions presented in 
Fig. 10. The material comprised 665 spruces and 584 pines. The mean diameter of all counted 
spruces was 27.5 cm, and the mean diameter weighted with basal area (Dg) 31.0 cm. For pine, 
these characteristics were 23.2 cm and 25.0 cm, respectively. As the Fig. 10 shows, the 
variation in DBH distribution of spruce was extremely large, even though the relative 
proportions of the smallest and the largest trees were minor.  
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Fig. 10. DBH distributions formed by all counted trees. 
 
 
The mean tree height for all spruce sample trees (n ? 291) was 25.2 m. For pine (n ? 296) the 
corresponding value was 20.3 m. The tree height distributions are presented in Fig. 11. The 
mean volume (o.b.) of spruce and pine stems, determined by the volume functions (Equations 
10 and 11), was 819 dm3 (s ? 452) and 468 dm3 (s ? 230), respectively.  
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Fig. 11. Tree height distributions of spruce and pine sample trees. 
 
 
Taper of all spruce and pine sample trees is presented in Fig. 12. The mean taper was 4.3 cm 
(s ? 1.7) in spruce stems and 4.8 cm (s ? 1.3) in pine stems. Some spruce stems (Sample plot 
25) had extensive butt swellings, which caused abnormal (> 9 cm) taper. 
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Fig. 12. Taper of spruce and pine sample trees. 
 
 
The linear dependence between diameter at breast height (dbh) and taper of stems is presented 
in Figs 13 and 14. In felled trees, the taper was determined utilizing taper curves (see Fig. 6). 
In spruce, the dbh accounted for 31% of the variation of taper in standing sample trees and for 
 42
37% in felled sample trees (Fig. 13). In pine, the shares were 23% and 45%, respectively (Fig. 
14). 
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Fig. 13. Linear relationships between diameter at breast height and taper for spruce stems. All 
sample trees marked with white circles, felled trees with black circles. Equations with R2 are 
presented. 
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Fig. 14. Linear relationships between diameter at breast height and taper for pine stems. All 
sample trees marked with white circles, felled trees with black circles. Equations with R2 are 
presented. 
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The distributions of breast height form factors of spruce and pine stems are presented in Fig. 
15. The stem volume was based on volume functions introduced by Laasasenaho (1982) 
(Equations 10 and 11). The mean breast height form factor averaged 0.458 (s ? 0.039) in 
spruce and 0.466 (s ? 0.037) in pine. The slenderness of all spruce sample trees averaged 0.88 
(s ? 0.11). In pine sample trees, the slenderness was on average 0.85 (s ? 0.12). The stem 
form of spruce grown on Vaccinium myrtillus (Mtkg) type was slightly better than that of 
spruce grown on Herb-rich type (Rhtkg) when taper, breast height form factor, and 
slenderness were concerned. For pine, taper and breast height form factor were better on 
poorer site type (Vatkg). Slenderness of pine was better on more fertile site type (Ptkg).    
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Fig. 15. Distributions of breast height form factor of spruce and pine sample trees.  
 
3.1.2 Branch Height Characteristics 
 
Tree height, crown height, and dead branch height of felled trees are presented in Figs 16 and 
17. The same characteristics for all sample trees are presented in Figs 18 and 19. The size and 
type of knots are considered in more detail in Section 3.1.7. 
  
Crown height of spruce varied greatly within a stand, whereas for pine it was relatively 
constant (Figs 16 and 17). Dead branchiness of spruce (knot diameter > 15 mm) typically 
reached the base of the tree. The mean crown ratio of spruces was 0.637 (s ? 0.098) indicating 
that the trees were vigorous (Fig. 20). By contrast, crown ratios of pines were remarkably 
low, 0.360 (s ? 0.072) on average. For more than 70% of pines, the crown ratio was under 
0.40, which is generally considered to be the minimum for a healthy, vigorous tree. Factors 
reducing the width of the living crown in peatland pines are discussed in Section 4.1.  
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Fig. 16. Tree height (bar), crown height (solid line), and dead branch height (dashed line) of 
felled spruce sample trees by sample plots. The trees are presented in ascending order of dbh. 
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Fig. 17. Tree height (bar), crown height (solid line), and dead branch height (dashed line) of 
felled pine sample trees by sample plots. The trees are presented in ascending order of dbh. 
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Fig. 18. Tree height (triangle), crown height (square), and dead branch height (circle) of all 
spruce sample trees (standing + felled trees) by sample plots. Fitted trend lines are presented. 
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Fig. 19. Tree height (triangle), crown height (square), and dead branch height (circle) of all 
pine sample trees (standing + felled trees) by sample plots. Fitted trend lines are presented. 
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Fig. 20. Crown ratios of spruces and pines by the diameter at breast height. Fitted trend lines 
are presented. 
 
3.1.3 Saw Timber Proportion 
 
Saw timber proportion (saw timber percentage) depends on dbh, taper, tree height, stem form 
defects, and branchiness. The three first characteristics refer to the theoretical maximum saw 
timber proportion (based on minimum diameter). When the external quality requirements –
stem form defects and branchiness – are taken into account, the outcome is the real, i.e. 
quality-based, saw timber proportion. The quality requirements for saw logs are presented in 
Appendix 1. 
 
The diameter-based saw timber proportion was calculated by dividing the stem volume over 
the minimum diameter by the total stem volume. The quality-based saw timber section 
represented a volume, in which jump butts and jump cuts were reduced. The saw logs of 
grade D were also subtracted from the saw timber volume.  
 
An example of the difference between the two concepts of saw timber proportion is illustrated 
in Fig. 21. The solid line at a height of 153 dm represents the end of the quality-based log 
section and the dashed line at a height of 163 dm the diameter-based end of the log section 
(150 mm). The saw timber proportions of this stem in the two cases were 88% and 91%, 
respectively. The volumes were calculated by the means of taper curves.  
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Fig. 21. Sample termination of log section in a pine stem. The dashed line represents the 
height of minimum diameter (o.b.) and the solid line the height of termination of log quality. 
 
 
In spruce, the cause for termination of log section was the minimum diameter (16 cm, o.b.) in 
75% of stems. In 20% of stems, the log section terminated before the minimum top diameter 
because of crooks, in 2% because of large branches, and in 3% because of other defects. In 
pine, the cause for the termination of log section was minimum diameter (15 cm, o.b.) in 
65%, crooks in 29%, large branches in 3%, and other defects in 3% of stems. Saw timber 
proportions of all felled trees are presented in Fig. 22. As the figure shows, the difference 
between these two characteristics was smaller in spruce than in pine. Morover, the pattern of 
the theoretical saw timber proportion differed slightly between the tree species due to 
differences in tree size (dbh and height), stem form, and minimum diameter (15/16 cm). 
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Fig. 22. Saw timber percentages of spruce (left) and pine (right) stems. 
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3.1.4 Height Growth of Trees 
 
The mean annual height growth was determined by dividing the tree height by its age at butt 
height. The mean height growth of a tree is a quality factor of timber since it corresponds to 
the mean distance between branch whorls, thus affecting the number of knots in logs, and 
consequently, in sawn timber. The height growth was significantly (p < 0.05) higher in more 
fertile stands of both tree species. In fact, the relationship is not so simple since the history of 
silvicultural treatments (time of drainage and thinnings) of the stands should also be taken 
into consideration. The mean annual height growth of all felled trees is presented in Fig. 23.  
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Fig. 23. Mean annual height growth of spruces (left) and pines (right) by site type. Fitted 
trend lines are presented. 
 
3.1.5 Size and Quality of Logs 
 
The material comprised 304 spruce and 208 pine logs. The volumes of saw logs (o.b.) were 
75.8 m3 and 32.1 m3, respectively. ABC grading yielded the quality distributions presented in 
Figs 24 and 26. Some logs did not meet the requirements of saw logs (see Appendix 1) 
because of oversized spike or dead knots. For this reason, 4 spruce and 16 pine logs were 
classified as grade D (reject). These logs are not included in the quality distributions. The 
rejected logs were sawn normally, but the quality of sawn timber was studied separately.  
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Fig. 24. Quality distribution of spruce logs graded according to ABC grading. 
 
 
The proportion of knotless spruce butt logs (grade A) was 24% of total log volume. The 
proportions of butt logs with dead knots (grade C1), middle logs with dead knots (grade C2), 
and top logs with sound knots (grade B) were 24, 41, and 18%, respectively. Some 
differences in log quality between the site types were found. The volume proportion of grade 
A was somewhat higher in Vaccinium myrtillus type (Mtkg) than in Herb-rich type (Rhtkg). 
By contrast, the proportion of grade C2 was higher in Herb-rich type than in Vaccinium 
myrtillus type. 
 
The grading of softwood logs used in NFI9 is based on three quality classes: 1, 2, and 3. 
Distinct from ABC grading, the quality classes of NFI9 are not bound to the location of the 
log in the stem (see Appendix 1). NFI9 grading yielded the quality distribution of spruce logs 
presented in Fig. 25. 
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Fig. 25. Quality distribution of spruce logs graded according to NFI9 grading. 
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Correspondence between the two different grading systems used is presented in Table 3. The 
table indicates how the ABC grades are distributed (% of number of logs) into the NFI9 
quality classes. As mentioned before, quality classification of spruce saw logs is generally not 
applied in wood procurement. To get a reasonable benefit from the log classification, the 
internal properties should clearly be different between log sections. Differences in knottiness 
of saw logs are considered in Section 3.1.7. The relationships between location of log in the 
stem and quality of sawn timber are considered in Section 3.3.2.  
 
 
Table 3. Correspondence between ABC grading and NFI9 grading. 
 
ABC NFI9
Grade Quality class Proportion, %
A 1 96
2 2
3 2
C1 1 17
2 49
3 34
C2 1 5
2 29
3 66
B 1 1
2 98
3 1  
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Fig. 26. Quality distribution of pine saw logs according to ABC grading. 
 
 
The pine logs were distributed into classes as follows: A 34%, C1 12%, C2 53%, and B 1% of 
total log volume. Noteworthy are the large proportion of middle logs with dead knots and the 
lack of top logs with sound knots. For pine, the volume proportions of grade A did not differ 
between the site types. However, the proportion of grade C1 was clearly higher in Dwarf-
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shrub type (Vatkg) than in Vaccinium vitis-idaea type (Ptkg). By contrast, the proportion of 
grade C2 was higher in Vaccinium vitis-idaea type than in Dwarf-shrub type. 
 
The mean length of all spruce logs was 47 dm, butt logs 49 dm, middle logs 47 dm, and top 
logs 45 dm. The mean over bark volume of all spruce logs was 249 dm3 (s ? 118). For butt 
logs, the mean volume was 319 dm3 (s ? 144). The mean length of pine logs was 42 dm, 
which equals the length of grade A butt logs. The mean length of grade C1 logs was 40 dm 
and grade C2 logs 44 dm. For top logs, the mean length was 34 dm. The over bark volume for 
all pine logs averaged 154 dm3 (s ? 62). For butt logs, the mean was 175 dm3 (s ? 67). Log 
length distributions are presented in Fig. 27.  
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Fig. 27. Log length distributions relative to the total number (left) and total volume (right).  
 
3.1.6 Exterior Shape of Logs 
 
Exterior shape of logs was described with sweep and taper. The values were obtained from 
the log scaler. Sweep observed in unbarked and debarked logs is presented in Figs 28 and 29. 
As these figures show, debarking only slightly decreased the sweep in logs. The shortest logs 
also had the most sweep. The effect of sweep on the usability of a saw log is dependent on the 
log´s diameter. For this reason, a greater sweep is allowed in large logs (see Appendix 1). 
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Fig. 28. Sweep in unbarked (left) and debarked (right) spruce logs measured by the log scaler. 
Fitted trend lines are presented. 
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Fig. 29. Sweep in unbarked (left) and debarked (right) pine logs measured by the log scaler. 
Fitted trend lines are presented.  
 
 
The sweep was also studied by the location of the log in the stem: butt logs (grades A and 
C1), middle logs (C2), and top logs (B). When all spruce logs over 20 cm of top diameter 
(o.b.) were allowed a sweep of 2 cm per metre and other logs 1 cm per metre, the criteria was 
met by 73% of all logs (see Fig. 30). When a maximum sweep of 2 cm per metre was 
allowed, the proportion of logs meeting the requirements increased to 85%. The 
corresponding proportion of volume was 89%.  
 
The pine butt logs clearly had more sweep than other logs (Fig. 31). When all pine logs over 
20 cm of top diameter (o.b.) were allowed a sweep of 2 cm per metre and other logs 1 cm per 
metre, the criteria was only met by 53% of all logs. According to the measurements of the log 
scaler, a considerable proportion of the logs would not have met the quality requirements of 
saw logs.  
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Fig. 30. Sweep in spruce logs by location of log in the stem.  
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Fig. 31. Sweep in pine logs by location of log in the stem.  
 
 
Taper of logs is presented in Figs 32 and 33. Taper was slightly smaller in debarked logs in 
both tree species. The accuracy and reliability of the measurements obtained from the log 
scaler are discussed in Section 4.5. 
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Fig. 32. Taper in unbarked (left) and debarked (right) spruce logs measured by the log scaler. 
Fitted trend lines are presented. 
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Fig. 33. Taper in unbarked (left) and debarked (right) pine logs measured by the log scaler. 
Fitted trend lines are presented. 
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3.1.7 Knottiness of Logs 
  
The maximum size of knots in logs by log grade and condition of knot is presented in Figs 34-
40. Linear regression of the knot diameter on the top diameter of log is shown. Pine top logs 
were ignored since only two such logs existed. 
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Fig. 34. Maximum diameter of knots in grade A spruce butt logs. The linear relationships 
between knot diameter and top diameter (o.b.) of log with equation and R2 are presented. 
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Fig. 35. Maximum diameter of knots in grade C1 spruce butt logs. The linear relationship 
between knot diameter and top diameter (o.b.) of log with equation and R2 is presented. 
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Fig.  36. Maximum diameter of knots in spruce middle logs (C2). The linear relationships 
between knot diameter and top diameter (o.b.) of log with equation and R2 are presented. 
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Fig.  37. Maximum diameter of knots in spruce top logs (B). The linear relationships between 
knot diameter and top diameter (o.b.) of log with equation and R2 are presented. 
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Fig. 38. Maximum diameter of knots in grade A pine butt logs. The linear relationship 
between knot diameter and top diameter (o.b.) of log with equation and R2 is presented. 
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Fig. 39. Maximum diameter of knots in grade C1 pine butt logs. The linear relationship 
between knot diameter and top diameter (o.b.) of log with equation and R2 is presented. 
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Fig. 40. Maximum diameter of knots in pine middle logs (C2). The linear relationships 
between knot diameter and top diameter (o.b.) of log with equation and R2 are presented. 
 
 
The mean maximum knot diameters for spruce and pine logs are presented in Tables 4 and 5. 
Dead and unsound knots are combined. 
  
 
Table 4. Diameter of maximum knot in spruce logs by knot condition. 
 
Knot diameter, mm
Condition of knot n min. max. x s
Sound knot 171 14 44 26 6
Dead and unsound knot 244 8 31 17 4
Spike knot 14 18 40 31 7  
 
 
Table 5. Diameter of maximum knot in pine logs by knot condition. 
 
Knot diameter, mm
Condition of knot n min. max. x s
Sound knot 65 22 56 37 8
Dead and unsound knot 176 7 55 26 10
Spike knot 6 18 33 24 6  
 
 
Since the knots in pine logs (? ? 7 mm) were counted one by one, the knottiness of logs 
could be expressed as the mean knot density (number of knots by knot condition divided by 
total length of logs). The size of knots was ignored, thus each knot had an equal weight. 
Besides visible knots, buckles and uncovered knots were also considered. The mean knot 
density is presented by grades of logs (Fig. 41).  
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Fig. 41. Mean knot density in log section of pine stems by log grade. 
 
 
The highest knot densities were found, as could be expected, in middle and top logs. Buckles 
and uncovered knots were observed to some extent, especially in butt logs.  
 
3.1.8 Other Defects of Logs 
 
Surface defects in spruce stems were very rare. Resin flow and scars were observed in 2% of 
logs. By contrast, surface defects were observed in about 8% of pine logs (covered scars 4%, 
open scars 3%, surface checks 0.5%). The proportion of compression wood is considered in 
more detail in Section 3.2.4.  
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3.2 Wood Properties 
3.2.1 Annual Ring Width 
 
The variation in annual ring width was considered both in longitudinal and radial directions in 
the stems. The annual ring width (volume weighted) was on average 2.36 mm for spruce (2.49 
mm in Herb-rich type and 2.18 mm in Vaccinium myrtillus type) and 1.58 mm for pine (1.69 
mm in Vaccinium vitis-idaea type and 1.39 mm in Dwarf-shrub type). The relative tree height 
accounted for only 9% of the variance in ring width of spruce, whereas in pine the share was 
34%. The variation pattern of ring width also differed between spruce and pine. In pine, an 
increasing linear relationship was found between relative height and ring width, while in 
spruce the ring width reached its maximum at a relative height of 60-70%, decreasing towards 
the top of the tree. The variation in ring width is presented by relative height class in Table 6. 
 
 
Table 6. Mean ring width with standard deviation according to relative height class in spruce 
and pine stems.  
 
Ring width, mm
Relative height, % Spruce Pine
x s x s
0-5 1.90 0.68 1.19 0.40
6-10 1.91 0.62 1.15 0.40
11-20 2.35 0.55 1.36 0.49
21-30 2.08 0.57 1.34 0.35
31-40 2.37 0.67 1.50 0.46
41-50 2.44 0.64 1.57 0.32
51-60 2.44 0.64 1.67 0.35
61-70 2.52 0.65 1.85 0.40
71-80 2.48 0.57 1.94 0.37
81-90 2.27 0.42 1.93 0.38
91-95 2.07 0.10  
 
 
Variation in ring width in trees grown on drained peatlands was considerable. An example of 
the variation pattern of radial growth in a spruce is provided in Fig. 42. The butt diameter of 
the tree at the time of drainage can easily be deduced from the figure. Before drainage, the 
annual radial increment had been on average less than 1 mm but had rapidly increased 
manyfold after drainage, reaching a maximum of nearly 6 mm at butt height. The decreasing 
trend of ring width in the radial direction of the stem can clearly be observed in the upper 
parts of the stem. The tree was 30.3 m in height and 146 years old at the time of felling. The 
site was initially ditched in 1912. 
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Fig. 42. Radial variation in ring width in a spruce stem. Trend is presented as a moving 
average. 
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The effect of drainage on mean ring width was studied from sample discs that contained wood 
grown both before and after drainage. Since the peatland sites were mainly ditched when the 
trees were small-sized (dbh usually < 5 cm), only the sample discs originating from the base 
of the trees (butt log) were considered. The standard deviation (s) is presented when more 
than three trees were included (Tables 7 and 8).  
 
 
Table 7. Effect of drainage on mean ring width in spruce (stump height). 
 
Ring width, mm
Sample plot Site type No. of trees Before drainage After drainage
x s x s
25 Rhtkg 9 0.68 0.21 2.73 0.79
41 Rhtkg 6 0.32 0.12 2.14 0.55
48 Rhtkg 1 0.68 2.29
J13 Rhtkg 10 0.60 0.29 1.96 0.39
13 Mtkg 8 1.58 0.48 2.10 0.43
B8 Mtkg 8 0.37 0.13 2.02 0.53
B25 Mtkg 10 0.84 0.21 1.48 0.75
22 Mtkg 3 0.40 1.74  
 
 
Table 8. Effect of drainage on mean ring width in pine (stump height). 
 
Ring width, mm
Sample plot Site type No. of trees Before drainage After drainage
x s x s
8 Ptkg 9 1.20 0.45 2.05 0.35
9 Ptkg 9 0.85 0.26 1.77 0.39
20 Ptkg 8 0.71 0.25 1.40 0.40
B21 Ptkg 10 1.01 0.18 1.09 0.37
B13 Vatkg 6 0.31 0.07 1.37 0.16
B14 Vatkg 8 0.34 0.13 1.31 0.17
B15 Vatkg 8 0.39 0.17 1.41 0.29
5A Vatkg 10 0.46 0.08 0.99 0.17
XIII Vatkg 5 0.46 0.20 1.28 0.31  
 
 
The average ring width after drainage was usually two or three times the ring width before 
drainage but had increased sixfold in sample plot 41 (spruce). In pine stems, the relative 
increase in ring width was clearly larger in sample plots of Dwarf-shrub type (Vatkg) than 
Vaccinium vitis-idaea type (Ptkg) due to the very low growth rate before drainage of the 
former. The response of radial growth to drainage varied between trees and stands. It typically 
took from 5 to 15 years for a tree to reach its maximum radial growth after drainage.  
  
It was not possible to directly study the effect of drainage on height growth since sample discs 
were taken at fairly long intervals. The observations from pine stems, which had attained a 
height of at least 31 dm (minimum length for a butt log) before drainage, indicated that the 
annual height growth had varied between 5 and 20 cm depending on site type. In some pine 
stems, the annual height growth had increased two- or threefold just after drainage. However, 
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when taking into account the whole period of time after drainage, the difference in annual 
height growth was attenuated.  
 
3.2.2 Latewood Proportion 
 
Latewood proportion, i.e. latewood percentage, was considered both in relation to sample disc 
volume and ring width. Average latewood proportion from volume was nearly the same in 
both tree species but varied markedly between sample discs. In spruce discs, the average 
latewood proportion was 21.1%, ranging from 9.9% to 38.5% (s ? 5.1). The corresponding 
value in pine discs was 20.7% (9.8-40.3%, s ? 5.0).  
 
The variation pattern between latewood proportion of volume and relative sample height was 
different between the tree species (Fig. 43). In spruce, the latewood proportion was totally 
independent of sample height, whereas in pine the sample height accounted for 30% of 
variation in latewood proportion. Latewood proportion in spruce and pine sample discs at 
different height classes is presented in Table 9. 
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Fig. 43. Variation pattern of latewood proportion of volume in the longitudinal direction of 
the stem in spruce (left) and pine (right). Fitted trend lines with equations and R2 are 
presented. 
 
 
Table 9. Latewood proportion of ring width in spruce and pine sample discs by relative 
height. 
 
Latewood proportion, %
Relative height, % Spruce Pine
x s x s
0 20.5 5.2 26.6 4.5
1-25 22.3 4.3 22.3 4.4
26-50 21.2 5.1 19.1 3.4
51-75 20.7 5.2 18.7 4.1
76-100 21.3 5.5 20.1 4.8  
 
 
The relationship between latewood proportion and annual ring width in a spruce sample plot 
is illustrated in Fig. 44. The latewood proportion was greatest when ring width was narrow (0-
3 mm). In broader rings, the average latewood proportion was nearly constant. It is 
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noteworthy that the variation in latewood proportion between rings of the same width was 
great.  
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Fig. 44. Relationships between latewood proportion and ring width in a spruce stand (ca 3500 
observations). A fitted trend line is also presented. 
 
 
The latewood proportion of ring width in spruce was generally about 30% higher in wood 
grown before drainage (Table 10). 
 
 
Table 10. Latewood proportion of ring width in spruce at stump height before and after 
drainage. 
 
Latewood proportion, %
Sample plot Site type No. of trees Before drainage After drainage
x s x s
25 Rhtkg 9 29.2 4.6 21.5 5.4
41 Rhtkg 6 39.3 6.0 24.5 3.2
48 Rhtkg 1 31.2 21.2
J13 Rhtkg 10 30.8 5.4 20.0 1.6
13 Mtkg 8 29.9 5.4 22.8 4.0
B8 Mtkg 8 34.4 5.5 22.7 2.3
B25 Mtkg 10 29.8 6.5 18.1 2.8
22 Mtkg 3 39.0 26.5  
 
 
Since ring width decreases from pith to bark and width of latewood tissue in spruce is nearly 
constant, the latewood proportion of ring width increases towards bark (Fig. 45). The same 
tree is presented in Fig. 42. Latewood proportion of ring width in pine at stump height before 
and after drainage is presented in Table 11. 
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Fig. 45. Variation pattern of latewood proportion of ring width in the radial direction in a 
spruce stem. Fitted trend lines are presented. 
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Table 11. Latewood proportion of ring width in pine at stump height before and after 
drainage. 
 
Latewood proportion, %
Sample plot Site type No. of trees Before drainage After drainage
x s x s
8 Ptkg 9 27.4 5.6 33.4 2.3
9 Ptkg 9 30.6 6.4 33.8 3.3
20 Ptkg 8 31.5 7.4 32.7 5.7
B21 Ptkg 10 23.7 3.4 26.0 5.3
B13 Vatkg 6 25.9 4.0 24.4 3.4
B14 Vatkg 8 30.6 5.4 26.1 4.1
B15 Vatkg 8 30.7 7.2 25.8 1.9
5A Vatkg 10 26.0 5.5 27.0 4.3
XIII Vatkg 5 30.2 7.8 26.4 2.4  
 
 
Differences in latewood proportion between sample plots were slight in both tree species 
(Table 12). However, in spruce sample plot 41, the latewood proportion was significantly (p < 
0.05) higher than in sample plots 18, 25, 48, and B8. Likewise, in pine sample plots 9 and 20 
the latewood proportion was significantly (p < 0.05) higher than in other sample plots. In 
spruce, site type had no significant effect on latewood proportion. By contrast, latewood 
proportion of pine was significantly higher (p < 0.05) in the more fertile site type (Ptkg). 
 
 
Table 12. Latewood proportion of volume by sample plots. 
 
Latewood proportion, %
Sample plot Tree species No. of discs x s
18 Spruce 76 20.2 5.6
25 Spruce 85 20.4 5.0
41 Spruce 62 23.1 5.0
48 Spruce 77 20.4 5.1
J13 Spruce 77 22.3 4.0
13 Spruce 73 22.9 5.9
37 Spruce 77 20.5 5.6
B8 Spruce 70 20.3 3.9
B25 Spruce 63 21.1 4.0
22 Spruce 72 20.4 5.7
8 Pine 75 21.9 5.0
9 Pine 72 23.3 4.3
14 Pine 77 19.1 5.5
20 Pine 73 23.5 5.3
B21 Pine 66 19.1 4.2
B13 Pine 66 19.8 4.7
B14 Pine 62 19.5 4.3
B15 Pine 61 20.6 4.1
5A Pine 63 19.6 4.7
XIII Pine 30 18.8 5.2  
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3.2.3 Heartwood Proportion 
 
Heartwood proportion was found to be highest in spruce stems at a relative height of 10-20% 
when the percentage was determined from cross-sectional area, and at a relative height of 15-
25% when determined from stem diameter (Fig. 46). In pine, the maximum heartwood 
proportion was at a relative height of 20-30% using both methods (Fig. 47). The diameter of 
heartwood was equal or greater at stump height than in the upper parts of stem; thus, the 
decrease in heartwood percentage towards the butt was caused by butt swellings. Relative 
height accounted for 67% to 77% of the variance in heartwood proportion depending on tree 
species and method of determination. 
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Fig. 46. Variation pattern of heartwood proportion in the longitudinal direction of the stem in 
spruce. Heartwood proportion was determined both from cross-sectional area (left) and stem 
diameter (right). Fitted trend lines with equations and R2 are presented. 
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Fig. 47. Variation pattern of heartwood proportion in the longitudinal direction of the stem in 
pine. Heartwood proportion was determined both from cross-sectional area (left) and stem 
diameter (right). Fitted trend lines with equations and R2 are presented. 
 
 
The average heartwood proportion of volume was 38.8% (s ? 8.4) in spruce stems and 27.7% 
(s ? 7.6) in pine stems. Thus, a clear difference in heartwood proportion was observed 
between tree species. An estimate of heartwood proportion for a sample plot was calculated as 
a mean of sample trees (Table 13). Tukey´s tests were performed to determine whether 
significant (p < 0.05) differences in heartwood proportion between stands existed. These 
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results are also given in Table 13. An estimate for a stem was not determined unless 
measurement data were perfect. For this reason, the number of stems in most sample plots 
deviates from the original 10. 
 
 
Table 13. Heartwood proportion of volume by sample plots.  
 
Heartwood proportion, % Stand-to-stand variation
Sample plot Tree species Site type No. of stems x s (p  < 0.05)
18 Spruce Rhtkg 6 32.5 5.6
25 Spruce Rhtkg 3 48.9 5.6 B25, 18, 48, 37
41 Spruce Rhtkg 3 34.2 3.2
48 Spruce Rhtkg 7 32.0 5.8
J13 Spruce Rhtkg 6 49.1 9.3 B25, 41, 18, 48, 37
13 Spruce Mtkg 8 47.6 2.7 B25, 41, 18, 48, 37
37 Spruce Mtkg 7 30.3 5.6
B8 Spruce Mtkg 9 41.1 5.6 37
B25 Spruce Mtkg 9 34.7 4.5 48, 37
22 Spruce Mtkg 9 42.0 5.8
8 Pine Ptkg 10 34.0 3.2 B13, B14, B15, 5A
9 Pine Ptkg 9 28.8 6.6
14 Pine Ptkg 8 29.2 7.2
20 Pine Ptkg 10 33.0 8.7
B21 Pine Ptkg 10 30.9 7.3
B13 Pine Vatkg 10 23.2 6.9
B14 Pine Vatkg 9 23.6 7.3
B15 Pine Vatkg 10 23.9 3.6
5A Pine Vatkg 8 23.5 8.7
XIII Pine Vatkg 9 25.9 6.5  
 
 
The average heartwood proportion in spruce saw logs was 40.8% (s ? 13.6). The following 
heartwood proportions were obtained when the logs were grouped according to their location 
from tree base: 1st log 52.4% (s ? 12.6), 2nd log 42.1% (s ? 10.5), 3rd log 35.2% (s ? 10.2), 4th 
log 29.4% (s ? 8.3), 5th log 21.7% (s ? 4.8). The average heartwood proportion in pine logs 
was 31.9% (s ? 6.8). In pine, the following proportions were obtained: 1st log 34.0% (s ? 9.2), 
2nd log 31.7% (s ? 8.7), 3rd log 28.6% (s ? 6.8), 4th log 22.3% (s ? 4.4). The proportions 
presented are merely suggestive since the number and length of logs varied between stems.  
 
The sapwood thickness of spruce butt logs was on average 37.5 mm (s ? 9.8) measured from 
the top of logs. In other spruce logs, the sapwood thickness averaged 41.1 mm (s ? 8.3). Stem 
diameter and number of rings at a certain height accounted for ca 33% of the variance in 
sapwood thickness in a log section of spruce. In pine butt logs, the sapwood thickness 
averaged 41.2 mm (s ? 7.8). The location of pine logs yielded the following values: 2nd log 
39.6 mm (s ? 7.3), 3rd log 43.7 mm (s ? 7.3), 4th log 50.0 mm (s ? 8.4). These results are also 
only suggestive for the reason mentioned above. The maximum heartwood proportion in pine 
was found at a relative height of 20% to 30% (see Fig. 47). This explains the finding that 
sapwood thickness was smaller at the top of second logs than at the top of butt logs. Stem 
diameter and age at a certain height accounted for ca 21% of the variance in sapwood 
thickness in a log section of pine. 
 
 70
3.2.4 Proportion of Compression Wood 
 
Results concerning the incidence of compression wood were based on visual classification of 
spruce and pine sample discs. The area of compression wood is given as a proportion of the 
total disc area (Table 14). Compression wood was observed in about 13% of spruce sample 
discs. Findings were typically made at the base of stems, but to some extent, compression 
wood was observed in all stem parts. Approximately half of the observations were in the butt 
log section (0-6 m). In pine, about 18% of discs contained compression wood. About 80% of 
the observations were in the butt log section, and thus, the incidence of compression wood at 
stem base was greater in pine than spruce.  
 
 
Table 14. Proportion of compression wood in spruce and pine sample discs. 
 
Proportion of compression wood Proportion of number of discs, %
of disc area, % Spruce Pine
0 86.8 82.2
1-10 7.9 10
11-20 2.8 5
21-30 2 2.6
31-40 0.1 0.2
41-50 0.4 0
>51 0 0  
 
 
Ovalness of stem was determined as the difference between the largest and the smallest 
diameter of a disc divided by the average of these diameters. Ovalness was highest at stump 
height (Fig. 48). In the upper parts of the spruce stems, ovalness averaged 4%. For pine, 
ovalness was slightly greater in the upper parts of the stem. 
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Fig. 48. Variation pattern of ovalness in the longitudinal direction of the stem in spruce (left) 
and pine (right). Fitted trend lines are presented. 
 
3.2.5 Basic Density 
 
In spruce, the basic density of all discs averaged 379.0 kg m-3, with a standard deviation of 
33.9 kg m-3, i.e. 8.9% of the mean. The variation pattern of basic density in the longitudinal 
direction of the stem is illustrated in Fig. 49. The figure shows that basic density of single 
discs varied greatly – from 300 kg m-3 to over 500 kg m-3 – but seemed to be nearly constant 
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from stump height to top of tree. However, the basic density in the uppermost quarter (over 
75% of relative height) was significantly (p < 0.05) higher than in other parts of the stem. 
 
The relative height as a single variable accounted only for 3% of the variance in basic density. 
When the mean annual ring width and latewood proportion of the disc were entered as new 
variables, the degree of determination increased to 0.31.  
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Fig. 49. Variation pattern of basic density in the longitudinal direction of the stem in spruce. 
A fitted trend line with equation and R2 is presented. 
 
 
In pine, the basic density of all discs averaged 405.0 kg m-3, with a standard deviation of 39.6 
kg m-3, i.e. 9.8% of the mean. The variation pattern of basic density is illustrated in Fig. 50. 
The values ranged from ca 330 kg m-3 to 540 kg m-3, with the highest values being measured 
from the base of the stems and the lowest at tree top. The basic density in the stump height of 
pine stems averaged 460 kg m-3, which is almost 90 kg m-3 higher than in spruce. Annual ring 
width and latewood proportion accounted for 49% of the variance in basic density of pine. 
The curves indicating the average basic density of spruce and pine intersect each other at a 
relative tree height of 70% (cf. Figs 49 and 50). This means that basic density of pine was on 
average higher below this point.  
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Fig. 50. Variation pattern of basic density in the longitudinal direction of the stem in pine. A 
fitted trend line with equation and R2 is presented. 
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The radial variation pattern of basic density is illustrated according to relative height class in 
Figs 51 and 52. The main trend in both tree species was that basic density increased from pith 
to bark. However, the relative difference in basic density between pith and bark decreased 
towards the top of the tree. In the uppermost part of the stems, the basic density showed a 
decline near bark. The basic density was highest near the pith at the base of the stem, which in 
most cases represented wood grown before drainage. In spruce, the basic density of small 
sample pieces ranged from 280 kg m-3 to 630 kg m-3. In pine, the variation was even greater ? 
from 310 kg m-3 to 780 kg m-3. 
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Fig. 51. Variation patterns of basic density in the radial direction of the stem in spruce. Fitted 
trend lines are presented. 
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Fig. 52. Variation patterns of basic density in the radial direction of the stem in pine. Fitted 
trend lines are presented. 
 
 
The volume of wood grown before drainage was small in the sampled stems since the trees 
had mostly been small-sized at the time of drainage. A more extensive analysis of the effect 
of drainage on the variation in basic density could be carried out only in one spruce sample 
plot (B25). These trees were 70 to 120 years old and 10 to 12 m high at the time of drainage. 
The basic density near the pith in this stand was on average more than 100 kg m-3 higher than 
near bark (Fig. 53, left). At a relative height of 20% to 30% (top of the butt log), no difference 
in the radial direction was, however, observed (Fig. 53, right). Thus, drainage had a 
significant effect on basic density only at the base of stems. At stump height, wood grown 
before drainage was 20% to 30% denser than wood grown after drainage. A similar analysis 
could not be carried out in pine since the share of wood grown before drainage in the sampled 
stems was very small in most stands. Several sample pieces of wood grown before drainage 
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were obtained only from trees of sample plot B21. In this stand, the basic density at stump 
height averaged 519 kg m-3 before drainage and 452 kg m-3 after drainage, i.e. the relative 
difference was ca 13%.  
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Fig. 53. An example of the changes in basic density in the radial direction of spruce stems at 
stump height (left) and at a relative height of 20-30% (right). Fitted linear trend lines with 
equation and R2 are presented. 
 
 
The mean basic density in spruce stems averaged 375.0 kg m-3, with a standard deviation of 
28.5 kg m-3, i.e. 7.6% of the mean. In pine stems, the respective values were 418.5 kg m-3, 
25.8 kg m-3, and 6.2%. 
 
In both tree species, the stem-to-stem variation was larger than the stand-to-stand variation 
(Tables 15 and 16). In spruce, the basic density of sample plot B25 was significantly (p < 
0.05) higher than that of sample plots 18 and 22. Site type had no significant (p < 0.05) effect 
on basic density. By contrast, for pine no significant (p < 0.05) differences were found 
between the sample plots, but a significant difference was present between pines grouped by 
site type. The mean basic density of pines grown on sites of Vaccinium vitis-idaea type (Ptkg) 
was 422.5 kg m-3 (s ? 25.1) and on sites of Dwarf-shrub type (Vatkg) 414.5 kg m-3 (s ? 26.8). 
  
 
Table 15. Variation in basic density within a stand and between stands in spruce. 
 
Sample plot Site type x , kg m-3 min ., kg m-3 max. , kg m-3 s , kg m-3 *  x , kg m-3
18 Rhtkg 360.0 320.6 393.8 20.0 355.5
22 Mtkg 363.7 328.2 398.7 21.1 358.8
B8 Mtkg 367.6 332.8 403.6 25.2 361.4
25 Rhtkg 368.1 335.2 411.3 24.1 367.3
37 Mtkg 368.5 320.5 424.9 32.1 361.8
48 Rhtkg 369.9 321.1 400.1 21.8 367.2
13 Mtkg 380.0 327.6 444.7 37.9 374.1
J13 Rhtkg 381.3 337.8 426.3 25.4 377.8
41 Rhtkg 385.2 347.3 423.2 25.2 387.3
B25 Mtkg 405.9 364.0 444.0 27.6 408.4
Between stems Between stands 
x 375.0 372.0
s 28.5 16.0  
* Estimate of basic density of a stand. The basic density of each felled tree was weighted with its volume. 
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Table 16. Variation in basic density within a stand and between stands in pine. 
 
Sample plot Site type x , kg m-3 min ., kg m-3 max. , kg m-3 s , kg m-3 *  x , kg m-3
XIII Vatkg 402.9 358.2 437.0 22.1 405.5
B15 Vatkg 404.4 356.9 449.7 27.3 402.3
B13 Vatkg 413.7 381.2 456.5 26.2 410.3
B14 Vatkg 413.8 381.7 453.4 22.2 416.2
20 Ptkg 418.6 384.9 453.3 22.8 416.0
B21 Ptkg 418.6 368.3 453.0 27.8 419.2
8 Ptkg 420.1 388.4 449.1 21.0 417.3
9 Ptkg 428.3 400.0 470.1 24.0 424.1
5A Vatkg 433.3 401.9 487.2 24.9 432.7
14 Ptkg 437.0 397.6 482.5 30.4 431.7
Between stems Between stands 
x 419.2 417.5
s 26.2 10.1  
* Estimate of basic density of a stand. The basic density of each felled tree was weighted with its volume. 
 
 
Variation in basic density was also examined according to location of the log in the stem. The 
basic density of spruce butt logs averaged 374.3 kg m-3 (s ? 31.5). For other logs, the basic 
density was on average 370.7 kg m-3 (s ? 28.9) and for bolts of pulpwood 383.2 kg m-3 (s ? 
32.0). The basic density of pulpwood from tree tops and jump butts was equal. In pine butt 
logs, the basic density was on average 446.5 kg m-3 (s ? 30.0) and in other logs 406.9 kg m-3 
(s ? 27.2). The basic density of pulpwood from tree tops averaged 388.8 kg m-3 (s ? 26.7). 
The highest basic density of 462.5 kg m-3 (s ? 36.7) was found in jump butts.  
 
Variation in moisture content (mass of water in wood per oven-dry mass of wood) between 
spruce and pine sample discs is illustrated in Figs 54 and 55. The moisture content for spruce 
discs was calculated from small sample pieces by weighting each piece with the cross-
sectional area of disc it represented. The moisture content in spruce ranged from 25% to 
205% and in pine from 60% to 190%. The moisture content increased from butt to top of tree 
simultaneously with the decrease in proportion of dry heartwood. Since spruce contains more 
heartwood than pine, its moisture content is on average lower. Variation in spruce disc was 
clearly higher than that of pine.  
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Fig. 54. Variation pattern of moisture content (% of dry mass) in sample discs of spruce 
(calculated from small sample pieces). Fitted trend line with equation and R2 is presented. 
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Pine
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Fig. 55. Variation pattern of moisture content (% of dry mass) in sample discs of pine. Fitted 
trend line with equation and R2 is presented. 
 
3.3 Sawn Timber 
3.3.1 Yield of Sawn Timber 
 
The yield of sawn timber was determined from all logs that were sawn, including grade D. 
The log volumes given by the log scaler were utilized in the calculations. The total volume of 
sawn timber was based on the nominal dimensions of sawn pieces. Characteristics of the 
sawing experiments are presented in Tables 17 and 18. 
 
The over bark (o.b.) log volume was 9.2% higher than under bark (u.b.) log volume in both 
tree species. The yield of sawn timber was 0.53 in spruce and 0.52 in pine. The yield of the 
sawing experiments is presented in detail in Appendix 7. 
 
 
Table 17. Data from the sawing experiments in spruce. 
  
Spruce
No. of logs: 304 Sawn timber (green)
volume, m3 volume, m3
o.b. mean u.b. mean boards centre yield total yield of sawn timber log use ratio
75.751 0.249 69.837 0.230 12.420 27.760 40.180 0.530 1.885  
 
 
Table 18. Data from the sawing experiments in pine. 
 
Pine
No. of logs: 208 Sawn timber (green)
volume, m3 volume, m3
o.b. mean u.b. mean boards centre yield total yield of sawn timber log use ratio
32.053 0.154 29.248 0.141 5.186 11.541 16.727 0.522 1.916  
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3.3.2 Quality Distributions of Sawn Timber 
3.3.2.1 Sawn Timber Graded According to Nordic Timber Rules 
 
Quality distributions of the centre yield are presented in Figs 56 and 57 and the side yield in 
Figs 58-61. Grade A is presented both as a whole and divided into four subgrades. Sawn 
timber from grade D logs was not included. 
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Fig. 56. Quality distributions of spruce centre yield according to the grading rules of Nordic 
Timber.  
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Fig. 57. Quality distributions of pine centre yield according to the grading rules of Nordic 
Timber. 
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The quality distributions of spruce and pine centre yield were dissimilar. The proportion of 
grade A of dried centre yield was about 50% in spruce and about 30% in pine. The proportion 
of grade A1 in pine centre yield was slightly under 5%. On the whole, drying deformations 
and fissures of centre yield were slight in both tree species.  
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Fig. 58. Quality distributions of spruce side yield according to the grading rules of Nordic 
Timber (including wane, i.e. sawn timber was graded regarding wane as a defect). 
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Fig. 59. Quality distributions of spruce side yield according to the grading rules of Nordic 
Timber (graded as square-edged, i.e. sawn timber was graded as though no wane existed). 
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Fig. 60. Quality distributions of pine side yield according to the grading rules of Nordic 
Timber (including wane, i.e. sawn timber was graded regarding wane as a defect). 
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Fig. 61. Quality distributions of pine side yield according to the grading rules of Nordic 
Timber (graded as square-edged, i.e. sawn timber was graded as though no wane existed). 
 
 
The proportion of wane side yield was clearly higher in pine than in spruce (see Figs 58 and 
60). Excluding wane, the proportion of grade A kiln-dried side yield was 38% in spruce and 
33% in pine. Quality lowering during drying was slight in both tree species.  
 
The quality of sawn timber depended strongly on its location in the stem. In spruce, the 
proportion of grade A centre yield was 57% in butt logs, 47% in middle logs, and 38% in top 
logs (Fig. 62). In pine, the proportion of grade A centre yield was 45% in butt logs and 18% 
in middle logs (Fig. 63).  
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Fig. 62. Quality distributions of spruce centre yield according to log location (Nordic Timber, 
kiln-dried to a moisture content of 20%). 
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Fig. 63. Quality distributions of pine centre yield according to log location (Nordic Timber, 
kiln-dried to a moisture content of 20%). 
 
 
The decrease in quality towards tree top was stronger in side yield than in centre yield (Figs 
62-65). Especially in pine, the trend was clear because of the knotless base of trees.  
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Fig. 64. Quality distributions of spruce side yield according to log location (Nordic Timber, 
kiln-dried to a moisture content of 20%). 
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Fig. 65. Quality distributions of pine side yield according to log location (Nordic Timber, 
kiln-dried to a moisture content of 20%). 
 
3.3.2.2 Centre Yield Graded According to Stress Grading Rules 
 
In spruce, about 85% of the centre yield volume exceeded the characteristic bending strength 
of 24 N mm-2 (T-grading). In pine, the corresponding proportion was 72% (Fig. 66).  
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Fig. 66. Quality distributions of centre yield according to the stress grading rules of NS-
INSTA 142 and T-grading. 
 
 
The general distributions hide the variation in quality of sawn timber in the longitudinal 
direction of the stem. In spruce, the proportion of best grade decreased towards the top of the 
tree. However, no dramatic decrease in quality can be seen since the proportion of sawn 
timber of the two best grades (T3 and T2) was about 90% in butt logs (log grades A and C1 
combined), 80% in middle logs, and 70% in top logs (Fig. 67). In pine, the decrease in quality 
towards the top of the tree was strong (Fig. 68).  
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Fig. 67. Quality distributions of spruce centre yield according to log location (NS-INSTA 
142). 
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Fig. 68. Quality distributions of pine centre yield according to log location (NS-INSTA 142). 
 
3.3.3 Properties Affecting the Quality of Sawn Timber 
 
The primary feature determining the grade of each kiln-dried sawn piece that did not meet the 
requirements of grade A1 was inspected. In spruce centre yield, the highest grade did not 
exist, while in pine centre yield the grade A1 accounted for 4% of the total number of sawn 
pieces.  
 
Sound knots (51% of total number) were clearly the most common features determining the 
grade for a piece of spruce centre yield (Fig. 69, left). Deformations and fissures of sawn 
timber accounted for 8% of the primary features in spruce centre yield. In pine, the most 
important features were dead knots (36%), sound knots (31%), and unsound knots (17%) 
(Fig. 69, right). Deformations accounted for 3% of the primary features in pine centre yield. 
The incidence of compression wood was insignificant in both tree pieces, which was 
consistent with the observations from sample discs.  
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Fig. 69. Primary feature determining the grade (Nordic Timber) for a kiln-dried piece of 
spruce (left) and pine (right) centre yield (proportion of total number).  
 
 
Grade A1 accounted for 1% of the total number of sawn pieces in spruce side yield, while in 
pine the corresponding share was 16%. The two primary features determining the grade in 
spruce boards were dead knots (44%) and sound knots (34%). The next features in order of 
importance were bark-ringed knots (7%), loose knots (6%), and unsound knots (3%) (Fig. 70, 
left). In pine boards, the primary features were dead knots (36%), unsound knots (17%), and 
sound knots (16%) (Fig. 70, right). Wane was also common. The share of reject due to wane 
was, however, insignificant. The shares of drying deformations, fissures, and compression 
wood were minor.  
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Fig. 70. Primary feature determining the grade (Nordic Timber) for a kiln-dried piece of 
spruce (left) and pine (right) side yield (proportion of total number). 
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3.3.4 Drying to 10% Moisture Content and Ripsawing 
 
Joinery drying caused critical checks and deformations, and thus, a decrease in quality in both 
tree species (Fig. 71).  In spruce, the volume of grade A decreased to less than one-half of the 
original volume (MC 20%). In pine, the change was even more striking. From 94 inspected 
spruce sawn pieces, 46 represented a lower grade after joinery drying: 23 pieces because of 
checks, 16 because of twist, 5 because of cup, and 2 because of spring (Fig. 72, left). From 53 
pine sawn pieces, 34 represented a lower grade after joinery drying: 16 because of checks, 8 
because of twist, 2 because of cup, 5 because of bow, and 3 because of spring (Fig. 72, right). 
The quality-lowering causes were the same in both tree species, excluding bow.  
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Fig. 71. Quality distributions of spruce (left) and pine (right) centre yield before and after 
joinery drying (Nordic Timber). 
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Fig. 72. Primary features lowering the quality in joinery-dried spruce (left) and pine (right) 
centre yield (proportion of total number). 
 
 
The features observed in ripsawn pieces are presented in Fig. 73. The pieces containing two 
or three features were combined into groups, thus, the incidence of individual features was 
larger than the figure indicates. Twist, spring, and checks were the most common features in 
both tree species.  
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Fig. 73. Features in ripsawn spruce (left) and pine (right) pieces (proportion of total number). 
 
 
The number and value of the wood features observed in joinery-dried sawn pieces and 
ripsawn pieces are presented in Tables 19 and 20. The coefficient refers to the relative change 
in number of features. For example, a coefficient of 2.06 (= 31 per 6 per 2.51) (Table 19) 
expresses that the proportion of spruce pieces containing bow increased over twofold after 
ripsawing. In both tree species, spring in particular increased markedly in ripsawn pieces. 
Cup, by contrast, was insignificant. Check on inside face was observed as a new feature. Here 
inside face is referred to the inside face of the original piece. 
 
 
Table 19. Sawn timber features before and after ripsawing in spruce. 
 
Sawn pieces Ripsawn pieces
Feature x No. of pieces x No. of pieces Coefficient
Bow, mm 7.8 6 9.0 31 2.06
Spring, mm 7.3 4 8.6 62 6.18
Cup, % 2.0 29 19.5 2 0.03
Twist, % 11.1 36 14.5 59 0.65
Check, % 43.1 42 29.4 64 0.61
Check (inside face), % 0 0 29.1 20
Total 117 238
Number of pieces 94 236 Ratio: 2.51  
 
 
Table 20. Sawn timber features before and after ripsawing in pine. 
 
Sawn pieces Ripsawn pieces
Feature x No. of pieces x No. of pieces Coefficient
Bow, mm 13.5 10 17.6 23 1.12
Spring, mm 5.7 6 12.3 57 4.61
Cup, % 2.4 16 0
Twist, % 8.5 20 12.2 30 0.73
Check, % 52.0 26 32.2 25 0.47
Check (inside face), % 0 0 31.3 7
Total 78 142
Number of pieces 53 109 Ratio: 2.06  
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3.4 Value of Roundwood as Sawn Timber  
3.4.1 Value of Roundwood on Stand-Level 
 
The mean value of one cubic metre of o.b. roundwood as sawn timber, i.e. the quality factor, 
was determined for each stand (see Section 2.5.1, Equation 15). The quality factor of 100 
corresponds to the value of centre yield 50 × 100 mm of grade A. The results are presented in 
ascending order of quality factor of the total yield (Figs 74 and 75). The estimates of the 
quality-based saw timber percentages of the stands are also presented. In spruce, the 
difference between the highest and lowest quality factors was about 20%, in pine stands 24%. 
The quality factors of pine stands were slightly higher than those of spruce stands. This was 
mainly due to the higher proportion of valuable side yield of pine. Stand characteristics, such 
as site type, stand density, or mean dbh, did not explain the variation in quality factors. It 
should be noted that the quality factors here represent only those sections of stems that met 
the quality requirements of saw logs. For instance, in pine stand 5A, the material consisted 
mostly of butt logs, which explains the high value of side yield.  
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Fig. 74. Quality factors of roundwood in spruce stands. Estimates of the quality-based saw 
timber percentages of the stands are also presented. 
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Fig. 75. Quality factors of roundwood in pine stands. Estimates of the quality-based saw 
timber percentages of the stands are also presented. 
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3.4.2 Gross Value and Sawing Value of Logs 
 
To provide an accurate description of the value of saw logs in sawmills, two different 
characteristics were determined: gross value and sawing value of logs. The former 
corresponds to the value of sawn timber and by-products, the latter to the value of sawn 
timber alone (see Section 2.5.1, Equations 16 and 17). The gross value of sawn timber is 
presented as a set of six hypothetical price levels of sawn timber and three price levels of by-
products (Tables 21 and 22). The price of sawn timber represents the value of grade A centre 
yield size 50 × 100 mm, to which the other grades and dimensions of sawn pieces are 
proportioned (see Appendix 4). The calculations were based on the following set-up: 
 
Price of sawn timber, € m-3: 170, 180, 190, 200, 210, 220 
Quality factor of roundwood by sample plots: 92-123 (see Figs 74 and 75) 
Yield of sawn timber by sample plots: 0.46-0.56 
Price of by-products (€ m-3): 50, 55, 60  
 
 
Table 21. Gross value of spruce logs (€ m-3). 
 
Price of sawn timber, € m-3
170 180 190 200 210 220
Sample Price of by-products, € m-3
plot 50 55 60 50 55 60 50 55 60 50 55 60 50 55 60 50 55 60
18 110.68 112.84 115.01 115.92 118.08 120.25 121.16 123.32 125.48 126.40 128.56 130.72 131.64 133.80 135.96 136.88 139.04 141.20
25 101.73 103.96 106.19 106.39 108.63 110.86 111.06 113.30 115.53 115.73 117.97 120.20 120.40 122.64 124.87 125.07 127.31 129.54
41 115.24 117.53 119.81 120.67 122.96 125.25 126.10 128.39 130.68 131.54 133.83 136.11 136.97 139.26 141.55 142.40 144.69 146.98
48 114.69 116.93 119.17 120.12 122.36 124.60 125.55 127.79 130.03 130.98 133.22 135.46 136.40 138.65 140.89 141.83 144.07 146.31
J13 113.16 115.60 118.03 118.39 120.82 123.26 123.61 126.05 128.48 128.83 131.27 133.70 134.06 136.49 138.93 139.28 141.72 144.15
13 123.01 125.13 127.25 129.00 131.12 133.24 134.98 137.10 139.23 140.97 143.09 145.21 146.96 149.08 151.20 152.95 155.07 157.19
37 119.97 122.09 124.21 125.78 127.90 130.02 131.59 133.71 135.83 137.40 139.52 141.64 143.21 145.33 147.45 149.02 151.14 153.26
B8 105.35 107.96 110.58 110.01 112.62 115.24 114.67 117.29 119.90 119.33 121.95 124.56 123.99 126.61 129.22 128.66 131.27 133.88
B25 95.07 98.07 101.08 98.90 101.90 104.90 102.73 105.73 108.73 106.55 109.56 112.56 110.38 113.38 116.38 114.21 117.21 120.21
22 108.40 111.01 113.63 113.24 115.85 118.47 118.07 120.69 123.30 122.91 125.53 128.14 127.75 130.36 132.98 132.59 135.20 137.82
Mean 110.73 113.11 115.50 115.84 118.22 120.61 120.95 123.34 125.72 126.07 128.45 130.83 131.18 133.56 135.94 136.29 138.67 141.05  
 
 
Table 22. Gross value of pine logs (€ m-3). 
 
Price of sawn timber, € m-3
170 180 190 200 210 220
Sample Price of by-products, € m-3
plot 50 55 60 50 55 60 50 55 60 50 55 60 50 55 60 50 55 60
8 117.62 119.85 122.09 123.22 125.46 127.69 128.83 131.06 133.30 134.43 136.67 138.90 140.04 142.27 144.51 145.64 147.87 150.11
9 130.12 132.33 134.53 136.48 138.68 140.89 142.84 145.04 147.25 149.20 151.40 153.60 155.56 157.76 159.96 161.91 164.12 166.32
14 114.42 116.77 119.12 119.77 122.12 124.47 125.12 127.47 129.82 130.46 132.81 135.16 135.81 138.16 140.51 141.16 143.51 145.86
20 114.85 117.21 119.57 120.22 122.58 124.94 125.59 127.95 130.31 130.96 133.32 135.68 136.33 138.69 141.05 141.70 144.05 146.41
B21 109.54 112.16 114.78 114.45 117.06 119.68 119.35 121.97 124.59 124.26 126.87 129.49 129.16 131.78 134.39 134.07 136.68 139.30
B13 110.04 112.59 115.14 115.02 117.57 120.11 119.99 122.54 125.09 124.97 127.51 130.06 129.94 132.49 135.04 134.91 137.46 140.01
B14 112.00 114.54 117.08 117.09 119.63 122.17 122.18 124.73 127.27 127.28 129.82 132.36 132.37 134.91 137.45 137.46 140.00 142.55
B15 110.10 112.59 115.08 115.12 117.60 120.09 120.13 122.62 125.10 125.14 127.63 130.12 130.15 132.64 135.13 135.17 137.66 140.14
5A 136.32 138.61 140.90 142.99 145.29 147.58 149.67 151.96 154.25 156.34 158.63 160.92 163.01 165.30 167.59 169.68 171.97 174.26
XIII 100.41 103.11 105.80 104.73 107.43 110.12 109.05 111.75 114.44 113.37 116.07 118.76 117.69 120.39 123.08 122.01 124.71 127.40
Mean 115.54 117.98 120.41 120.91 123.34 125.77 126.27 128.71 131.14 131.64 134.07 136.51 137.01 139.44 141.87 142.37 144.80 147.24  
 
 
When the same prices and value ratios were applied to both tree species, the gross value of 
pine logs was 4.80-6.20 € m-3 higher than that of spruce logs. The difference is attenuated, 
however, since the value of spruce sawmill chips is slightly higher than the value of pine 
sawmill chips. 
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The relative decrease in gross values of logs was studied by reducing the yield of sawn timber 
by 5, 10, and 15% (Table 23). The relative decrease in gross value was greater the higher the 
value of sawn timber and smaller the higher the value of by-products. The decreases were 
linear since other factors were unchanged.  
 
 
Table 23. Relative decrease in gross value of spruce logs (left) and pine logs (right) as the 
yield of sawn timber declines. 
 
Decline in yield of sawn timber
Sample 5 % 10 % 15 %
plot min. max. min. max. min. max.
18 -2.39 -3.17 -4.78 -6.35 -7.17 -9.52
25 -2.17 -3.00 -4.35 -6.00 -6.52 -9.00
41 -2.50 -3.24 -4.99 -6.49 -7.49 -9.73
48 -2.48 -3.24 -4.97 -6.47 -7.45 -9.71
J13 -2.46 -3.21 -4.92 -6.41 -7.38 -9.62
13 -2.64 -3.37 -5.28 -6.73 -7.93 -10.10
37 -2.58 -3.32 -5.17 -6.64 -7.75 -9.97
B8 -2.29 -3.06 -4.57 -6.11 -6.86 -9.17
B25 -2.03 -2.81 -4.06 -5.62 -6.10 -8.43
22 -2.36 -3.11 -4.72 -6.23 -7.08 -9.34     
Decline in yield of sawn timber
Sample 5 % 10 % 15 %
plot min. max. min. max. min. max.
8 -2.54 -3.28 -5.09 -6.57 -7.63 -9.85
9 -2.77 -3.46 -5.54 -6.91 -8.31 -10.37
14 -2.48 -3.23 -4.96 -6.46 -7.44 -9.69
20 -2.49 -3.24 -4.98 -6.47 -7.47 -9.71
B21 -2.39 -3.14 -4.77 -6.27 -7.16 -9.41
B13 -2.39 -3.15 -4.79 -6.29 -7.18 -9.44
B14 -2.44 -3.18 -4.88 -6.36 -7.31 -9.54
B15 -2.39 -3.15 -4.79 -6.30 -7.18 -9.45
5A -2.87 -3.53 -5.74 -7.05 -8.61 -10.58
XIII -2.16 -2.95 -4.33 -5.90 -6.49 -8.85  
 
 
The sawing value of logs (value of sawn timber) was calculated by assigning the price of 190 
€ m-3 to grade A centre yield size 50 ? 100 mm and prices according to the value ratio table of 
sawn timber to the other grades (see Appendix 4). Grade D sawn timber was not priced. The 
sawing values of spruce and pine logs are presented according to the o.b. diameter of logs 
(Figs 76 and 77, left). Pine top logs were excluded because of too few observations. Part of 
the variation in sawing values came from the variation in log lengths. To eliminate this 
variation, the values were proportioned to the mean log length of spruce (4.7 m) and pine (4.2 
m) (Figs 76 and 77, right). The mean sawing values of spruce logs presented by the log 
sections were only slightly unequal. In contrast to spruce, the mean sawing values of pine logs 
differed from each other already in small top diameters, which indicates the importance of log 
classification in pine.  
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Fig. 76. Sawing values of spruce logs by log section without log length correction (left) and 
with log length correction (right). Fitted trend lines are presented. 
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Fig. 77. Sawing values of pine logs by log section without log length correction (left) and 
with log length correction (right). Fitted trend lines are presented. 
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3.5 Stem Characteristics as Predictors of Quality of Sawn Timber 
3.5.1 Value of Roundwood on Tree-Level 
 
The quality factors of roundwood (see Section 2.5.2) are presented in Figs 78 and 79. The 
broken line at 1.0 corresponds to the value of the quality of grade A (50 ? 100 mm). 
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Fig. 78. Quality factors of spruce roundwood. 
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Fig. 79. Quality factors of pine roundwood. 
 
 
The quality factor of spruce and pine butt logs averaged 1.04 and 1.21, respectively. The 
corresponding values for log section were 0.99 and 1.05. Variation in quality factor was 
greatest in pine butt logs. The quality factors were independent of dbh. 
 
3.5.2 Relationships between Stem Characteristics 
 
A correlation analysis of stem characteristics was carried out to study the relationships 
between possible predictors of quality of sawn timber (Tables 24 and 25). Knowing the 
importance of growth rate on general quality, two characteristics were determined at stump 
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height: one representing the mean growth ring width and another representing the early 
growth rate (radial growth of the first 30 rings). Stump height was used as the basis of 
measurements because it was the only fixed height in all trees.  
 
The two main characteristics predicting the quality of pine sawn timber, dead branch height 
and growth rate (e.g. Heiskanen 1954b, 1965; Kärkkäinen 1980; Uusitalo 1994, 1995), 
showed a slight correlation, while in spruce the correlation between these characteristics was 
very weak. From the point of view of modelling, this may be seen as an advantage if both 
variables were entered in the model. Growth rate also correlated weakly with measured knot 
diameters. 
 
 
Table 24. Correlation coefficients between the studied spruce stem characteristics  
(n ? 92-101). 
 
Characteristic dbh h h c cr h db dbs r a t ad a tod i m i 30 dk max k max
dbh 1.000
h 0.801 1.000
h c 0.265 0.502 1.000
cr 0.118 -0.044 -0.880 1.000
h db -0.033 0.156 0.229 -0.190 1.000
dbs r 0.027 0.113 0.765 -0.823 -0.370 1.000
a 0.144 0.000 0.047 -0.053 -0.122 0.115 1.000
t ad 0.297 0.506 0.182 0.062 0.016 0.019 -0.100 1.000
a tod 0.012 -0.202 -0.034 -0.066 -0.116 0.091 0.927 -0.466 1.000
i m 0.455 0.421 0.055 0.149 0.014 -0.084 -0.767 0.269 -0.784 1.000
i 30 0.096 0.147 0.058 0.006 0.184 -0.082 -0.701 0.144 -0.677 0.750 1.000
dk max 0.269 0.029 -0.083 0.101 -0.488 0.165 0.078 0.079 0.036 0.140 -0.127 1.000
k max 0.270 0.019 -0.211 0.238 -0.530 0.057 0.112 0.066 0.073 0.099 -0.165 0.928 1.000  
 
 
Table 25. Correlation coefficients between the studied pine stem characteristics (n ? 52-95).  
 
Characteristic dbh h h c cr h db dbs r a t ad a tod i m i 30 dk max k max
dbh 1.000
h 0.693 1.000
h c 0.302 0.777 1.000
cr 0.439 0.143 -0.503 1.000
h db 0.341 0.462 0.438 -0.056 1.000
dbs r -0.412 -0.167 0.272 -0.662 -0.642 1.000
a -0.066 -0.414 -0.331 -0.052 -0.074 -0.088 1.000
t ad -0.081 -0.110 -0.196 0.200 0.020 -0.177 0.011 1.000
a tod -0.027 -0.334 -0.222 -0.130 -0.079 -0.006 0.910 -0.403 1.000
i m 0.563 0.669 0.411 0.258 0.270 -0.181 -0.709 -0.023 -0.641 1.000
i 30 0.540 0.723 0.555 0.098 0.445 -0.189 -0.601 -0.125 -0.500 0.775 1.000
dk max 0.252 -0.134 -0.154 0.062 -0.273 0.121 0.185 -0.193 0.243 -0.105 -0.150 1.000
k max 0.252 -0.134 -0.154 0.062 -0.273 0.121 0.185 -0.193 0.243 -0.105 -0.150 1.000 1.000  
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3.5.3 Quality Models  
3.5.3.1 Quality Models of Spruce 
 
Both in spruce butt logs (Model 1) and in log sections (Model 2), the quality factor was best 
predicted by a model in which squared dbh, tree height, and the largest knot in the butt log 
were entered as independent variables (Table 26). 
 
 
Table 26. Quality models for spruce and their reliability. 
 
Model Variable Constant Coefficient s.e. G 2 RMSE RMSE r b b r R 2
1 0.78443 0.234739
dbh 2 -0.000003 0.000001
h 0.002889 0.001044
dk max -0.015154 0.005929
-19.900 0.246 0.339 0.020 -0.042 0.235
2 0.81074 0.162945
dbh 2 -0.000003 0.000001
h 0.002396 0.002396
dk max -0.009015 0.004116
-85.909 0.181 0.201 -0.026 -0.057 0.287  
 
 
The quality factors of spruce could be predicted with low bias. The determination of degree 
remained, however, quite low because of great variation in dependent variables. The estimates 
ranged mainly from 0.8 to 1.2 (Fig. 80). The figure shows that the lowest values were 
overestimated and the highest underestimated.  
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Fig. 80. Quality factors of spruce: observed vs. predicted by the models. 
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3.5.3.2 Quality Models of Pine 
 
In pine butt logs (Model 3), the quality factors were best predicted by the ratio between dead 
branch height and relative length of dead branch section and by tree height (Table 27). In log 
sections (Model 4), the best predictors for quality factors were dead branch height and mean 
growth rate at stump height. 
 
 
Table 27. Quality models for pine and their reliability. 
  
Model Variable Constant Coefficient s.e. G 2 RMSE RMSE r b b r R 2
3 0.15786 0.231585
h db /dbs r 0.002280 0.000771
h 0.004286 0.001208
19.853 0.339 0.272 -0.002 -0.070 0.334
4 1.05557 0.067554
h db 0.006143 0.001334
i m -0.169466 0.046301
-66.447 0.188 0.157 -0.000044 -0.023 0.244  
 
 
In pine models, the biases were also low. The observed quality factors ranged from 0.7 to 2.6 
in pine butt logs. The highest values could not be predicted accurately, but they were 
underestimated (Fig. 81).  
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Fig. 81. Quality factors of pine: observed vs. predicted by the models. 
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4 DISCUSSION 
4.1 External Properties of Trees and Saw Logs 
 
External properties of trees were studied according to tree size (dbh, h, and v), stem form, 
branchiness and knottiness, stem form defects, saw timber proportion, and decay, all of which 
have a direct or indirect influence on the usability of roundwood in mechanical wood 
processing. Tree size was included in external quality factors because it affects the 
processability of logs and the efficiency of wood procurement in general. It is not very clear 
which characteristics should be considered to belong to external properties. Knottiness 
usually represents an internal quality characteristic. However, knots on the log surface are 
still regarded as external characteristics. Here decay was considered an external quality 
characteristic, although it might also be seen as an internal quality characteristic.  
 
External properties of the Finnish spruce ? branchiness, knottiness, and stem form ? has been 
examined in numerous studies (e.g. Sirén 1952; Asikainen and Heiskanen 1970; Hakkila et al. 
1972; Kärkkäinen 1972a, 1986a, 1986b; Päivinen 1978; Laasasenaho 1982; Gustavsen and 
Fagerström 1983; Koivuniemi 1992; Verkasalo and Leban 1996; Uusvaara 1997; Verkasalo 
and Maltamo 2002). External properties of pine has been studied both in young pine stands 
and mature stands (e.g. Heiskanen 1965; Asikainen and Heiskanen 1970; Hakkila et al. 1972; 
Uusvaara 1974; Kärkkäinen 1980, 1986a, 1986b; Laasasenaho 1982; Turkia and Kellomäki 
1987; Kellomäki et al. 1992; Uusitalo 1994, 1995; Uusvaara 1997). The investigations for 
pine have focused on the relationship between log grade and quality of sawn timber. Despite 
the large number of investigations, few results are fully comparable to this study due to the 
different methods and measurements used. Differences in factors attributed to the material, 
such as geographical location, site type, tree age, and stand density, also impair comparability 
of results. 
 
The mean diameter over bark weighted with basal area (Dg), mean height, and mean volume 
of the spruce stems was 31.0 cm, 25.0 m, and 0.82 m3, respectively. In Herb-rich type the Dg 
was 33.8 cm and in Vaccinium myrtillus type 27.5 cm. According to the results of the 8th 
National Forest Inventory, the Dg for spruce in mature spruce dominated stands (development 
class 6) in southern Finland was 26.0 cm (Tomppo et al. 2001). Thus, the spruce of this 
material can be considered very large-sized. The large size of the trees indicates high 
productivity of the drained spruce mires. Also high growth potential had been guided to the 
most vigorous trees by intensive management. The Dg, mean tree height, and mean stem 
volume for pine was 25.0 cm, 20.3 m, and 0.47 m3, respectively. A clear difference was 
present in the mean diameters (Dg) between sites of Vaccinium vitis-idaea type (26.3 cm) and 
Dwarf-shrub type (23.0 cm). According to Tomppo et al. (2001), the Dg for pine in mature 
pine dominated stands in southern Finland was 28.5 cm, and thus, the pines of this study were 
clearly smaller than on average in mature stands. One has to bear in mind that these kinds of 
comparisons are merely suggestive since there is large variation behind the mean values due 
to various factors, as mentioned in the preceding paragraph.  
 
Some earlier studies offer more detailed references for stem size and form. Verkasalo and 
Maltamo (2002) studied quality properties of spruce both on drained peatlands and mineral 
soil sites in four geographical regions in Finland: Southern Finland (coast), Southern Finland 
(inland), Suomenselkä, and Savo. The material comprised 240 felled sample trees. Some stem 
characteristics between this study and the reference study (regions combined) are presented in 
Table 28. The size of the trees in the two southernmost regions (coast and inland), which best 
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correspond to the geographical location of this study material, is presented in Table 29. The 
diameter growth and especially the stem volume were similar to or even higher in this study 
than those on drained mires or mineral soil sites of the reference study (Table 28). No 
remarkable deviations in slenderness (h/dbh) of stems between these two studies or between 
site types in the reference study were observed. The highest slenderness was found in the 
trees of the planted stands. Taper was higher in this study, especially on the more fertile 
stands, where the trees had grown large. Some of the largest trees had great taper. In general, 
this is not exceptional since very large trees (dbh > 45 cm) are usually thick-butted (see e.g. 
Uusvaara 1997). 
 
 
Table 28. Selected stem characteristics of spruce in this study and in Verkasalo and Maltamo 
(2002).   
 
This study Verkasalo and Maltamo (2002)
Drained mire OMT-MT OMT-MT
(naturally (naturally (planted)
Mtkg Rhtkg regenerated) regenerated)
Stem characteristic s s s s s
a , years 91 34 87 25 115 23 94 25 64 10
dbh , cm 26.1 5.8 31 5.3 26.1 5.0 28 6.5 26.2 5.2
h , m 23.1 3.8 26.6 2.4 22 2.9 23.2 2.9 23.4 3.0
Slenderness 0.90 0.1 0.87 0.1 0.87 0.1 0.86 0.1 0.91 0.1
Taper , cm 3.6 1.1 4.4 1.5 3.3 1.0 3.4 1.2 3.3 1.0
v , dm3 648 371 938 337 627 299 742 375 668 323  
 
 
Table 29. Selected stem characteristics of spruce in southern Finland (1: coast, 2: inland) in 
Verkasalo and Maltamo (2002). 
 
Site type Geographical dbh , cm a , years h , m v , dm3
location s s s s
Drained mire 1 27.6 6.8 89 27 23.9 3.0 769 424
(naturally 2 27.1 4.9 99 34 23.0 2.7 715 324
regenerated)
OMT-MT 1 30.6 8.3 86 24 24.4 2.6 930 501
(naturally 2 26.9 6.5 81 28 23.4 3.4 698 371
regenerated)
OMT-MT 1 24.9 4.9 66 10 24.1 3.2 653 337
(planted) 2 24.3 4.5 57 12 22.3 2.4 528 233  
 
 
Uusvaara (1997) studied the external properties of spruce and pine timber trees along the 
southwest and south coasts of Finland and on the Åland Islands. The study material consisted 
of mineral soil sites, excluding the Åland Islands, where 6% of the sample plots had been 
classified as peatland. The material comprised 1169 pines and 638 spruces. A clear regional 
variation was present in stem form of pine. The best stem form was found along the south 
coast and the worst on the Åland Islands, where stem form is evidently poorer because of the 
maritime climate. For spruce, the taper did not differ significantly between regions. The 
primary stem form characteristics for spruce and pine in this study and in Uusvaara (1997) are 
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compared in Table 30. In this study, the slenderness averaged 0.88 for spruce and 0.85 for 
pine. Slenderness of the trees grown on the coastal area is clearly poorer than that of the 
inland areas of southern Finland, even though the comparison using mean values is not fully 
reliable. Furthermore, the effect of the maritime climate on stem form is evidently stronger 
than the effect of soil type. 
 
 
Table 30. Mean values of some stem characteristics in this study and in Uusvaara (1997). 
 
This study Uusvaara (1997)
South Southwest Åland
coast coast Islands
Stem characteristic Spruce Pine Spruce Pine Spruce Pine Spruce Pine
dbh , cm 27.5 23.2 27.0 27.2 27.1 27.9 27.2 30.4
h , m 25.0 20.3 20.8 19.5 21.3 18.8 20.4 18.5
Taper , cm 4.3 4.8 4.3 5.7 4.2 6.1 4.5 6.9  
 
 
Stem form has also been described by taper index, which is expressed as the ratio of d6 to 
dbh. According to Verkasalo and Leban (1996), the taper index was 0.818 for Finnish spruce 
and 0.802 for Finnish pine. In this study, the taper indices were 0.852 and 0.805, respectively. 
The clearly lower taper index for spruce reported by Verkasalo and Leban can be explained 
by the nature of the material. The limited material (30 stems) also comprised spruces with 
poor stem form from a stand of Vaccinium vitis-idaea type, which is naturally a more typical 
site for pine than spruce. In general, the taper of spruce and pine in this study were consistent 
with the results from large investigations reported by Päivinen (1978) and Kärkkäinen (1980).  
 
To assess the suitability of volume functions (Laasasenaho 1982) for peatland trees, the 
volume estimates (see Section 2.2.4, Equations 10 and 11) were compared with those based 
on stem curves. The comparisons are presented in Figs 82 and 83. Since the diameter at a 
height of 6 m (d6) was measured at 1-cm intervals in the field, a more precise characteristic 
(d6s, mm) was estimated by means of spline functions. 
 
The results implied that the volume functions underestimate the real stem volume in this 
material. The difference was larger in spruce than in pine. In spruce, the relative difference 
remained constant, being independent of the dbh, whereas in pine the difference decreased 
with increasing dbh. The results are not fully reliable, however, due to the limited number of 
measurement points at the base of the sample trees. Dbh was measured for each tree, but the 
exact point for this diameter in a felled stem was not known afterwards. In any case, the 
results may indicate that the actual stem volume for trees grown on peatlands cannot be 
estimated accurately with general volume functions. This is due to the different stem form at 
the base of the stem, especially in spruces (see Fig. 84). The stem form typical of trees 
growing on soft, moist peat soil can be explained by the need for a tree to enlarge its base to 
maintain its vertical growing position. To be able to analyse the deviations in stem form by 
soil type, the stem curves should be compared in a large material by DBH class.  
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Fig. 82. Relative difference between volume estimates of spruce stems determined by spline 
functions and volume functions (Laasasenaho 1982) based on measured d6 (left) and 
estimated d6s (right). Fitted linear trend lines are presented. 
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Fig. 83. Relative difference between volume estimates of pine stems determined by spline 
functions and volume functions (Laasasenaho 1982) based on measured d6 (left) and 
estimated d6s (right). Fitted linear trend lines are presented. 
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Fig. 84. A typical base of a spruce on a drained mire (86 years after initial ditching). Ground 
level has lowered due to drainage (Photo: Juha Rikala). 
 
 
The stem form has been modelled on stand-level (Gustavsen and Fagerström 1983). The study 
material was based on the measurements of the 3rd National Forest Inventory. The breast 
height form factor (FH) models for spruce (Equation 29) and pine stands (Equation 30) for 
southern Finland have been expressed as follows: 
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According to Gustavsen and Fagerström (1983), the mean breast height form factor was 0.492 
(s ? 0.0289) for spruce stands and 0.508 (s ? 0.0423) for pine stands in southern Finland. The 
mean breast height form factors for spruce and pine stems in this study were 0.458 (s ? 
0.0391) and 0.466 (s ? 0.0362), respectively. The values are not fully comparable since tree 
height affects the form factor such that the higher the trees the lower the form factor. The 
logarithmic transformations of the functions require mean tree height of the stand not 
exceeding a certain limit originating from the material. In the model for spruce (Equation 29), 
this limit is 22.1 m and in that for pine (Equation 30) 24.0 m. The limits were exceeded by 
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nine spruce stands and one pine stand, and thus, these functions are only partly applicable to 
this material.  
 
The mean tree height of the pine ranged from 17.1 m to 23.3 m with an FH of 0.477-0.469 (see 
Fig. 85). The values were systematically lower in Gustavsen and Fagerström (1983). This 
might be an indication of a slightly worse stem form of pine originating from peatlands. 
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Fig. 85. Breast height form factor in pine stands as a function of mean tree height in southern 
Finland (Redrawn from Gustavsen and Fagerström 1983). The breast height form factors of 
the pine stands in this study are marked with circles.  
 
 
The stem form of timber-sized spruces and pines grown on old drainage areas do not seem to 
differ remarkably from that of mineral soil sites. The results indicate, however, that peatland 
spruces are more buttressed. Although the stem form deviations between trees grown on 
undrained peatlands and drained peatlands have not been systematically studied, one may 
suggest that stem form, e.g. slenderness is clearly better in the latter case. This is supported by 
the general observations of poor height growth of trees growing on undrained peatlands.   
 
In this study, branchiness of trees was described by crown height (distance from ground to 
base of living crown), length of living crown, and dead branch height (distance from ground 
to base of dead branch section). Size, number, and type of knots were measured on a clear 
limbed surface of the logs, thus, in principle, they represented knottiness. 
 
Crown height was found to vary more within spruce stands than within pine stands. This can 
be explained by spruce tolerating little light enabling the formation of a multilayered stand 
and trees of different size, whereas pine is a light-demanding species. Branchiness of spruce 
and pine has been considered in a large study (Hakkila et al. 1972). The material comprised 
1479 spruces and 1424 pines in southern Finland and 340 spruces and 864 pines in northern 
Finland from the tracts of the National Forest Inventory (NFI data). Since the material was 
large, the findings can be assumed to give a reliable estimate of the average branchiness of 
Finnish conifers. The results are presented in Figs 86 and 87. One should bear in mind that the 
curves presented do not represent growth processes of a single tree but rather the mean level 
of the characteristics at the time of measurements.  
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The spruces originating from drained peatlands (Studies 1 and 2) were clearly higher in a 
certain DBH class than the spruces of the NFI data (Fig. 86). The crown ratios ranged from 
0.55 to 0.85, with the highest values being observed in the NFI data. By comparison, the 
crown ratio for spruce in southern Finland reported by Hakkila (1966, 1979) was 0.68 and 
0.80, respectively. According to Uusvaara (1997), the crown ratio for spruce was 0.776 along 
the south coast, 0.750 along the southwest coast, and 0.645 on the Åland Islands. Perhaps 
most interesting was the observation that the relative length of the dead branch section (dbsr) 
was much greater in peatland spruces (0.27) than in the NFI data (0.12-0.15 in timber-sized 
trees) (Fig. 88). The same trend was observed as the peatland spruces were compared with 
Uusvaara´s material, where the corresponding ratio was 0.106 along the south coast, 0.114 
along the southwest coast, and 0.277 on the Åland Islands.   
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Fig. 86. Tree height, crown height, and dead branch height of spruce in southern Finland in 
this study, in Verkasalo and Maltamo (2002), and in Hakkila et al. (1972). 
 
 
The pines of this study were also clearly higher in a certain DBH class than the pines of the 
NFI data (Fig. 87). The difference between the height curves was 2-3 m depending on the 
DBH. The most remarkable difference between the studies was found in crown ratios. The 
crown ratio of timber-sized pines averaged 0.36 in this study, but 0.53 in the NFI data. The 
crown ratios for pine reported by Hakkila (1966, 1979) were 0.44 and 0.54, respectively. 
According to Uusvaara (1997), the crown ratio for pine was 0.472 along the south coast, 
0.461 along the southwest coast, and 0.457 on the Åland Islands. In this study, the crown ratio 
increased with increasing dbh, while in the NFI data no such trend was observed. High stand 
density could not explain the low crown ratios observed since the trees had been grown 
relatively sparsely. Neither were nutrient deficiencies observed. One explanation for the 
exceptionally low crown ratios may be dieback and canker fungus of pines (Gremmeniella 
abietina), which infected pine stands in southern Finland, especially in the late 1970s and the 
1980s. Low-lying sites with cool, moist air, such as pine mires, are particularly susceptible to 
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these infections. The fungus has usually been associated with young pine stands (Kurkela 
1981; Aalto-Kallonen and Kurkela 1985), but it might also impair the vigour of tree crowns in 
older stands.  
 
The shape of the crown height curve for pine was similar to the curve reported by Hakkila et 
al. (1972). The dead branch height curve was, however, completely different from that of the 
NFI data, where the dead branch height increased linearly with increasing dbh (Fig. 87). The 
reason for this is the dissimilarity of the materials. Hakkila´s material can be considered 
representative, whereas this study material had some specific characteristics. Dead branch 
height can only remain stable or ascend, never descend, as trees grow older. This is because 
new branches will not develop in this part of stem. The largest trees of this material 
apparently belonged to an older population and had grown sparsely, which explaines the low 
dead branch height. The relative length of the dead branch section was 0.41 on average, while 
in NFI data it ranged from 0.20 to 0.28 in timber-sized trees. According to Uusvaara (1997), 
the relative length of the dead branch section was 0.272 along the south coast, 0.242 along the 
southwest coast, and 0.317 on the Åland Islands. 
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Fig. 87. Tree height, crown height and dead branch height of pine in southern Finland in this 
study and in Hakkila et al. (1972).  
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Laasasenaho (1997) has suggested that the present definition for the base of the living crown1) 
should be modified because the length of the living crown does not correlate sufficiently well 
with the volume growth of the tree. According to Laasasenaho, better estimates for tree 
growth would be obtained if the crown base was determined to the branch whorl where at 
least two live branches exist. This is probably true since the lowest branch whorls have no 
significant effect on the volume growth of a tree (Vuokila 1968). However, modification of 
the definition would cause problems in comparing new and old results. Furthermore, the 
determination of the base of the living crown in standing trees might be more laborious. 
 
Comparisons of tree branchiness indicate that the branch structure in peatland trees deviates 
from that of trees growing in mineral soil sites. The relative length of the living crown is 
lower in peatland trees and the relative length of the dead branch section correspondingly 
higher. Crown height and dead branch height are affected by stand density and silvicultural 
treatments, which made comparison of results between studies problematic. Some uncertainty 
was also caused by the methods for determining dead branch height varying between studies. 
 
In the study reported by Verkasalo and Maltamo (2002), the knot diameters were measured 
from branch base over bark, whereas in this study they were measured on clear-limbed stems. 
This probably explains most of the difference in knot diameters between these studies (see 
Table 31). Based on visual observations in this study, peatland spruces were assumed to be 
exceptionally thin-branched. This assumption is not, however, supported by the results of 
Verkasalo and Maltamo (2002), where the differences in knot sizes between site types were 
minor. Thus, it may be concluded that soil type (peatland or mineral soil) is not decisive but 
branch size is affected by site fertility and stand density, as previous studies have shown (e.g. 
Kellomäki and Tuimala 1981; Kellomäki 1984). 
 
 
Table 31. Some knot characteristics of spruce in this study and in Verkasalo and Maltamo 
(2002). 
 
This study Verkasalo and Maltamo (2002)
Drained mire OMT-MT OMT-MT
(naturally (naturally (planted)
Mtkg Rhtkg regenerated) regenerated)
Knot characteristic s s s s s
Largest knot of log section, mm
Dead knot in butt log, mm 14.5 3.4 16.3 4.9 19.0 7.4 18.9 6.0 18.6 6.8
Dead knot in other log, mm 18.6 4.4 20.5 6.0 26.2 10.0 25.3 9.2 23.5 5.6
Sound knot in other log, mm 24.8 5.6 27.1 5.4 31.8 6.1 34.2 9.1 30.0 5.5  
 
 
In the NFI data (Hakkila et al. 1972), branch diameter was determined over bark at 70% of 
tree height. The thickest branches in spruce ranged from 24 to 36 mm in diameter. The 
diameters of the data did not represent the whole log section, however, since the thickest 
branches in spruce are found at 50% of tree height or even lower (Hakkila et al. 1972; 
Kärkkäinen 1972a). In the NFI data, the largest branches in pines ranged from 32 mm to 66 
mm. In this study, the largest knots in saw logs ranged from 7 mm to 56 mm. The results are 
not fully comparable because the methods used were different. 
 
 
1) A branch whorl where at least one live branch exists and the whorl is succeeded by no more than one branch 
whorl with dead branches. 
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Stem form defects, such as crooks and sweep, were not measured from standing trees, but 
sweep was measured from logs by a log scaler. Unfortunately, the method used did not 
reliably describe sweep (see Section 3.1.6). Different stem form defects were common both in 
spruce and pine. Just how severe or exceptional the stem form defects are in peatland stands 
compared with mineral soil stands is difficult to assess. In any case, stem form defects in pine 
are more crucial than in spruce because of their smaller size. Sweep in saw logs can be 
minimized by modern curve sawing techniques, which does not, however, eliminate 
compression wood in these logs. In practice, trees grown on peatlands have to be cut into 
short logs because of crooks and sweep, especially at the base of stems. The suitability of 
peatland trees for the sawmill industry would be increased if the stems could also be cut into 
lengths of less than 3 m. On the other hand, very short logs may be problematic from the point 
of view of end-use.  
 
Taper was smaller in debarked logs than in unbarked logs since the thickness of bark 
decreases towards the top of a tree. This is particularly true of pine butt logs, in which the 
bark is much thicker at the butt end, but also holds for spruce logs (Hakkila 1967a; Jonsson 
and Nylinder 1990; Melkas 1999). 
 
Saw timber proportion of the stems was considered by comparing the log section meeting the 
quality requirements for saw logs with the theoretical maximum (limited only by the 
minimum top diameter). The comparisons showed that for spruce the quality-based saw 
timber proportion was slightly smaller than the theoretical maximum, whereas for pine the 
defects ? crooks and branchiness (knottiness) ? clearly decreased the saw timber proportion. 
According to Verkasalo and Maltamo (2002), the saw timber proportion of spruce stands did 
not differ by site type. The comparisons of saw timber proportions between studies are not 
reliable since results are highly dependent on the quality requirements of saw logs, and 
furthermore, on the number of alternative log lengths. 
 
Ovalness of stems was studied from the sample discs. Ovalness was highest in the base of the 
trees, being almost constant above 20% of relative tree height in both tree species. The 
findings differed from those presented by Tiihonen (1961), who suggested that the ovalness of 
pine increases again at the top of the tree. Ovalness has been found to correlate with 
eccentricity of pith, and consequently, with incidence of compression wood (Timell 1986). In 
this study, the high ovalness of the spruces at stump height can mostly be explained by the 
effect of excessive root collars, although some compression wood was also observed.  
 
According to Kärkkäinen (2003), slight ovalness should not be considered to be a defect since 
trees are very seldom perfectly round. Kärkkäinen (1975) reported that the ovalness of pine 
logs in northern Finland, determined as the difference between the largest and smallest 
diameters in relation to their mean, was about 5%. Geographical location has been suggested 
to affect the ovalness such that trees growing in northern Finland are more oval than those 
growing in southern Finland (Kärkkäinen 2003). Kärkkäinen (2003) concluded that ovalness 
is common in mires because of leaning trees. In this study, the ovalness of spruce logs, 
determined as in Kärkkäinen (1975), averaged 1.9%. In pine logs, the corresponding value 
was 2.4%. Thus, according to these results, ovalness of saw logs originating from peatlands 
does not seem to be exceptionally great. 
 
Root rot caused by Heterobasidion parviporum is the most crucial defect in old spruce stands 
in southern Finland resulting in considerable economic losses, while root rot in pine 
(Heterobasidion annosum) is less significant. Although the spruce stands of this study were 
old, root rot was unusual. In pine stands, root rot was not observed at all. It has been 
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suggested that the conditions on peat soils ? acidity, high moisture, and oxygen deficiency of 
peat ? prevent root rot from spreading. This assumption is supported by the findings of 
Kangas (1952), Tamminen (1985), and Redfern (1998). Large butt swellings are usually 
supposed to indicate rot in a tree since rotten trees tend to strengthen the base of stems. While 
this phenomenon was observed in this material, excessive butt swellings in peatland spruces 
were due to soil characteristics rather than tree rot.  
 
 
4.2 Wood Properties 
 
Slow growth is perhaps the feature most often assumed to characterize the wood properties of 
peatland trees. There is, however, no clear definition of slow growth, with it varying between 
tree species and the requirements of the end-use objects. Nordic Timber (Pohjoismainen 
sahatavara 1994) defines slow growth as the mean ring width in a sawn piece of softwood 
being less than 2.5 mm, which by experience has been found to correlate with high quality. 
 
In this study, the mean ring width was 2.36 mm for spruce and 1.58 mm for pine (sample 
discs, volume-weighted). The mean ring width of spruce and pine was compared with that of 
other Finnish studies (Table 32). According to Wilhelmsson et al. (2002), the mean ring width 
for Swedish spruce and pine was 2.33 mm and 1.64 mm, respectively. 
 
 
Table 32. Mean ring width of spruce and pine. A comparison between studies. 
 
Study Material Ring width, mm
Spruce Pine
x x
This study Sample discs (volume-weighted)
All 2.36 1.58
Herb-rich type 2.49
Vaccinium myrtillus type 2.18
Vaccinium vitis-idaea type 1.69
Dwarf-shrub type 1.39
Verkasalo and Maltamo (2002) Drained mire
Butt logs 1.83
Other logs 2.12
Small-sized logs 2.10
Mineral soil, OMT-MT (naturally regenerated)
Butt logs 2.27
Mineral soil, OMT-MT (planted)
Butt logs 3.05
Hakkila and Rikkonen (1970) Discs from pulpwood logs 2.14
Hakkila (1968) Increment cores from pulpwood 1.7 1.4
Hakkila (1966) Increment cores (trees of all sizes) 1.59 1.41  
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The comparison results indicate that the trees of this study did not represent an exceptionally 
slow or fast average growth rate. The mean values are not, however, very reliable for 
comparisons since variation in ring width is usually large. For example, the mean ring width 
of spruce discs ranged from 0.65 mm to 4.18 mm in this material. The corresponding range 
was 0.34-2.93 mm in pine discs. The variation was even greater between individual rings.  
 
Previous studies have shown that ring width decreases from pith to bark, excluding the 
juvenile phase (e.g. Mikola 1950; Eklund 1967). In principle, the longer the distance from 
pith to a new ring, the greater the volume produced. Tree size is restricted by genetic and 
environmental factors, and the ring width cannot remain the same as the tree grows larger. On 
the other hand, a decreasing ring width in the radial direction does not necessarily indicate a 
decline in volume growth.  
 
The distance from the tree to the nearest ditch, tree size, and age have been suggested to affect 
the magnitude of increase in growth after drainage (e.g. Heikurainen and Kuusela 1962; 
Seppälä 1969). An analysis of the factors influencing the increase in growth after drainage 
was not carried out in this study. 
 
The latewood proportion was 21.1% for spruce and 20.7% for pine determined from the disc 
volume. Previous studies have shown that in spruce the absolute amount of latewood is 
independent of ring width, i.e. latewood proportion correlates negatively with annual ring 
width (Mikola 1950; Worral 1970). The same phenomenon was found in this study. In pine, 
the variation pattern of latewood proportion in the longitudinal direction of the stem differed 
from spruce, as shown in Fig. 43. Some difference can also be seen when the latewood 
proportion of ring width is compared between wood produced before drainage and after 
drainage (Table 11). Site type seems to be decisive. In sample plots of Vaccinium vitis-idaea 
type (Ptkg), the latewood proportion was higher in rings grown after drainage, while in 
sample plots of Dwarf-shrub type (Vatkg) this phenomenon did not hold true. Thus, the 
latewood proportion of pine stems grown on Dwarf-shrub type did not follow the rule “the 
broader the ring, the higher the latewood proportion” suggested by Mikola (1950). The reason 
for this can be understood when a relative increase in growth due to drainage is considered. 
The relative growth response to drainage was clearly stronger in trees grown on Dwarf-shrub 
type than on Vaccinium vitis-idaea type (see Table 8). Since the absolute width of latewood in 
rings grown after drainage did not increase in proportion to ring width, the latewood 
proportion decreased in trees grown on Dwarf-shrub type. On the other hand, the increase in 
latewood proportion after drainage on Vaccinium vitis-idaea type supports the assumption 
that latewood proportion is higher in broader rings (Mikola 1950). 
 
In earlier studies, the latewood proportion has mainly been determined as a share of the ring 
width (Table 33). In Jalava´s material (1933), the latewood proportion for pines grown on 
mires was lower than that of pines grown on mineral soil sites. This might be attributed to a 
lower growth rate of the pines grown on mires. Considering the elements of uncertainty in the 
determination of the latewood proportion and the variety of methods used, no further 
conclusions should be drawn about the differences between results.  
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Table 33. Mean latewood proportion of spruce and pine. A comparison between studies. 
 
Study Method Latewood proportion, %
Spruce Pine
x x
This study Proportion of disc volume 21.1 20.7
Wilhelmsson et al. (2002) Proportion of ring area (volume) 21.8 23.9
Reflectance method
Hakkila (1966) Proportion of ring width 17.3 24.5
Mikola (1950) Proportion of ring width 21-44
Jalava (1945) Proportion of ring width 13.9 28-29
Siimes (1938) Proportion of ring width 22.3/19.9
(sapwood/heartwood)
Jalava (1933) Proportion of ring width 29.0-32.8/26.0-26.7
(sapwood/heartwood)  
 
 
Heartwood percentage was determined as a proportion of diameter and cross-sectional area at 
various heights in a tree, and as a proportion of volume in logs and stems. The results 
concerning the relative tree height where heartwood proportion reaches its maximum were in 
accordance with previous studies (Lappi-Seppälä 1952; Nylinder 1956, 1959, 1961a, 1961b; 
Tamminen 1962, 1964; Ericson 1966; Hakkila 1967b; Björklund and Walfridsson 1993).  
 
In spruce discs, the heartwood proportion determined from cross-sectional area ranged from 0 
to 73.9%. In pine, the corresponding range was 0-59.2%. In the Swedish material, the 
variation in heartwood proportions was even larger, ranging from 0 to 88% for spruce and 
from 0 to 63% for pine (Wilhelmsson et al. 2002). In this study, the average heartwood 
proportion of stem volume was 38.8% (s ? 8.4) for spruce and 27.7% (s ? 7.6) for pine. In 
earlier studies, the heartwood proportion has mainly been determined as a proportion of 
volume in saw logs or saw log sections (Table 34). The results of a Swedish study (Björklund 
and Walfridsson 1993) are also presented in this table.  
 
The comparisons provided no clear evidence that the heartwood proportions of peatland trees 
are higher than those of trees grown on mineral soil sites, even though the mean heartwood 
proportion of spruce butt logs was high. The factors affecting heartwood formation should be 
considered separately. For instance, advanced tree age, slow growth rate, and suppressed 
position have been found to correlate with high heartwood proportion (Lappi-Seppälä 1952; 
Tamminen 1962, 1964; Sellin 1994). In this study, however, tree age and mean ring width at 
stump height proved to be poor predictors of heartwood proportion. In spruce, these variables 
accounted only for 6% and in pine 11% of variance in heartwood proportion. On the other 
hand, the results indicate that slow growth should not be regarded as a characteristic of trees 
grown on drained peatlands since the growth rate is usually low only before drainage. How 
this slow early growth succeeded by a rapid increase in growth affects heartwood formation 
in trees was not clarified in this study.  
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Table 34. Mean heartwood proportion of volume in spruce and pine. A comparison between 
studies. 
 
Study Material Heartwood proportion, %
Pine
x s x s
This study Stems 38.8 8.4 27.7 7.6
Butt logs 52.4 12.6 34.0 9.2
Other logs 36.4 11.1 30.3 8.3
Whole log section 40.8 13.6 31.9 8.9
Verkasalo and Maltamo (2002) Drained mires
Butt logs 42.0 10.8
Upper log section 33.3 11.7
Björklund and Walfridsson (1993) Butt log 34.0 11.1
Second log 31.4 11.1
Third log 21.2 10.9
Kellomäki (1981) Butt logs 35.6 12.9
Other logs 28.8 12.6
Whole log section 32.5 13.2
Hakkila and Rikkonen (1970) Pulpwood logs 33.5
Bruun (1967) Saw logs 19.7-51.6
Spruce
 
 
 
Compression wood was observed in the stems much less than expected. Apparently this was 
at least partly due to the stands being intensively managed. It can safely be assumed that 
unmanaged or young stands contain relatively more compression wood when the proportion 
of compression wood is estimated from stand volume. The incidence of compression wood 
has been found to correlate with stem form defects, such as crooks and sweep (e.g. Tikka 
1935; Uusvaara 1974). The more severe the stem form defects in trees, the more probable the 
incidence of compression wood. One may conclude that the problem of compression wood 
will increase in future since more roundwood will be harvested from planted stands, where 
the tree quality ? especially at the base of the stem ? is poorer than in naturally regenerated 
stands (see Uusvaara 1974). On the other hand, the proportion of compression wood in saw 
logs can be effectively restricted by stringent requirements for straightness. There are few 
studies concerning the incidence of compression wood between stands or site types. 
According to Verkasalo and Maltamo (2002), the compression wood percentage in drained 
mires was 10.5 (s ? 7.0) for spruce butt logs and 4.8 (s ? 5.0) for other logs. The percentages 
were slightly higher on drained peatlands than in mineral soil sites. Taken together, the 
findings indicate that compression wood is not a severe problem in managed, mature spruce 
stands.  
 
Wood density is an important wood property, mainly because it correlates with ring width and 
latewood proportion, and consequently, indicates wood strenghtness. Previous studies have 
mainly examined wood density in mineral soil sites. In some studies, reference material has 
also been collected from peatlands (e.g. Hakkila 1966, 1979; Boholm 1999; Verkasalo and 
Maltamo 2002). The longitudinal variation patterns of wood density in this study are 
compared with those presented by Hakkila (1979) in Fig. 88. Hakkila´s results (1979) are 
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based on the material from the 5th National Forest Inventory. The curves given by Hakkila 
(1979) concerned trees from 40 to 80 years of age, and thus, the trees were on average 
younger than the trees in this study. The results of this study showed that wood grown before 
drainage was usually 10 to 30% denser than that grown after drainage. Thus, it is somewhat 
confusing that the basic density is lower in the base of the stems in the peatland spruces than 
in Hakkila´s study. This might be explained by the low proportion of wood produced before 
drainage in the peatland spruces, and by the high growth rate after drainage.  
 
The basic density of pine was slightly higher in this study than in Hakkila (1979). The density 
of pine did not follow the declining trend towards the top of the tree that Hakkila presented. 
The latewood proportion of pine increased slightly in the uppermost quarter of stem, which 
might partly explain the trend in this study (Fig. 88). The most probable explanation is, 
however, the effect of knotwood, which may have been minimized in Hakkila´s study. The 
same might also be true of spruce. The variation patterns in the radial direction of the stem are 
in accordance with earlier studies concerning both spruce (e.g. Tamminen 1964; Hakkila 
1966) and pine (e.g. Tamminen 1962; Hakkila 1966; Uusvaara 1974). The results of basic 
density are compared to previous studies in Table 35. 
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Fig. 88. Variation patterns of wood density in the longitudinal direction of the stem in this 
study and in Hakkila (1979). 
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Table 35. Basic density of spruce and pine. A comparison between studies.  
 
Mean basic density, kg m-3 (standard deviation in parentheses)
Spruce Pine
* Site type Stem Butt log Other log All logs Stem Butt log Other log All logs
I Rhtkg-Mtkg 375.0 374.3 370.7 371.9
(28.5) (31.5) (28.9) (29.8)
Ptkg-Vatkg 418.5 446.5 406.9 423.3
(25.8) (30.0) (27.2) (34.4)
II All sites 383 1 398 1
(37) (40.1)
III Drained mire, 377.8 363.6 2
(naturally regenerated) (33.8) (69.6)
OMT-MT, 383.0 375.1 2
(naturally regenerated) (30.7) (57.3)
OMT-MT, 365.8 350.7 2
planted (29.1) (76.4)
IV OMT 370.5
(27.0)
MT 384.7
(27.0)
Drained mire 380.4
(32.5)
V Not reported 448 409 (2nd log) 425
394 (3rd log)
VI Not reported 373.4
(28.5)
VII Not reported 380.7
(31.6)
VIII OMaT-VT 379.7 3
 (including mires) (32.3)
OMaT-VT 393 4
Mires 414 4
OMT-CT 403.4 3
 (including mires) (28.4)
OMT-CT 416 4
Mires 414 4
IX OMT 344 5 378 5
(23) (21)
X VT 437 6
XI Not reported 381
XII OMT-VT 386.8 408.6
(30.0) (32.8)
OMT-MT 370 420
(23) (30)
VT 382 433
(22) (37)
Undrained mire 385 393
(34) (18)
1 Mean of sample discs
2 Log section above butt log (5 m) to a diameter of 16 cm (stem-to-stem variation presented in parentheses)
3 Determined from standing trees
4 Trees aged more than 101 years
5 Trees aged 44 years (basic density determined at dbh)
6 Dominant trees aged 55-118 years (basic density determined at dbh)  
 
* Studies: 
I This study  II Verkasalo and Maltamo (2002)   III Wilhelmsson et al. (2002)  
IV Boholm (1999) V Björklund and Walfridsson (1993)  VI Kärkkäinen and Dumell (1983)  
VII Saranpää (1983) VIII Hakkila (1979)    IX Velling (1976) 
   X Velling (1974) XI Hakkila and Rikkonen (1970)   XII Hakkila (1966) 
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The comparison shows that the mean basic density of spruces and pines grown on drained 
peatlands is similar to that of mineral soil sites, especially when the relatively high variation 
within studies is taken into consideration. Undrained mires are an exception to this, yielding 
somewhat higher basic densities (Hakkila 1979). In young trees of fertile site types, by 
contrast, the basic density is low (see Velling 1976). Growth rate (fertility of the site) seems 
to explain most of the basic density variation. 
 
 
4.3 Yield and Quality of Sawn Timber  
 
The yield of sawn timber in the sawing experiments was 0.53 for spruce and 0.52 for pine. 
One should bear in mind that the yield of sawn timber is affected by several factors, such as 
diameter of logs, form of logs, sawing practice, blade settings, and sawing device used. Yield 
of sawn timber should not be compared without taking these factors into consideration. The 
high yield of sawn timber can be explained by the maximal blade settings used. On the other 
hand, “tight” blade settings increased the share of wane sawn timber, which also must be 
noted in comparisons. Sawmills integrated with the pulpwood industry have the possibility of 
regulating the yield of sawn timber to maximize the overall profitability of production. Thus, 
comparison of the results to practice is not relevant if the circumstances are dissimilar. 
According to Eilavaara (1994), the yield of sawn timber in the sawmill industry was 0.44 on 
average (corresponds to the log use ratio of 2.27). In the sawing of small-sized logs, log use 
ratio is clearly higher. Bark percentage, which was determined as the difference in volumes 
between unbarked and barked logs, was 9.2 in both tree species. These percentages are 
consistent with those reported for spruce and pine by Heiskanen and Rikkonen (1976).  
 
To evaluate how the log material of this study differed from the average in the sawmill 
industry, the material was compared with that of a large sawmill in southern Finland 
(Nordberg 2000) (Table 36). In 2000, the sawmill had two sawing lines: a main line and a line 
for small-sized logs. Only logs exceeding an 18-cm top diameter over bark (o.b.) were 
processed in the main line. In the line for small-sized logs, the top diameter ranged from 10 to 
21 cm (o.b.).  
 
 
Table 36. Mean log volumes (o.b.) in this study and in a large sawmill in southern Finland 
(data from the year 2000). 
 
Mean log volume over bark, dm3
Spruce Pine
This study Sawmill This study Sawmill
All logs 249 154
Main line (top dimeter > 18 cm) 280 316 190 284
Line for small-sized logs (10-21 cm) 136 124  
 
 
As Table 36 shows, the mean log volume in this study was lower than in the sawmill, both for 
spruce and pine. For spruce, the difference between mean log volumes was rather small. In 
contrast to spruce, the mean volume of pine logs was clearly lower than that in the sawmill. 
The difference can be explained by the unfavourable diameter distribution of logs as well as 
by the lower mean length of logs. The mean log volume particularly on the poor sites (Dwarf-
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shrub type) in this study was low. The comparison indicates that mature spruce stands 
growing on drained peatlands are potential raw material for the sawmill industry as far as 
mean log volume is concerned. The size of pine logs, however, may be near the minimum for 
profitable sawing. 
 
According to Hakala (1992), financial outcome is strongly dependent on the top diameter of 
logs (Fig. 89). Similar results concerning both spruce and pine have been reported by 
Heiskanen and Asikainen (1969) and Usenius et al. (1987). However, the dependence 
between top diameter of logs and profitability of sawing is fading since the sawmills are 
increasingly switching over from bulk sawing to custom-oriented products.  
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Fig. 89. Financial result of sawing per log diameter (o.b.) (redrawn from Hakala 1992). 
 
 
The quality of timber is known to vary between geographical regions; for instance, along the 
coastal areas of Finland, the quality is lower than inland. Hakala (1992) suggested that the 
low quality of sawn timber in his material was mostly the result of the unfavourable location 
of the wood procurement area of the sawmill (coastal area of Etelä-Pohjanmaa). With regard 
to large industrial sawmills, the origin of roundwood may be different from the location of the 
sawmill since in addition to domestic roundwood, these sawmills also use exported 
roundwood. The quality of spruce sawn timber in this study and in a large sawmill in southern 
Finland (Silen 1999) is compared in Figs 90 and 91.  
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Fig. 90. Quality distribution of centre yield of spruce (Nordic Timber, kiln-dried) in this study 
and in a large sawmill in southern Finland. 
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Fig. 91. Quality distribution of side yield of spruce (Nordic Timber, kiln-dried) in this study 
and in a large sawmill in southern Finland. 
 
 
The comparison reveals some differences in quality distributions. Most significant is the high 
proportion of grade A centre yield in this study (Fig. 90). A similar trend is observed for side 
yield. The difference would be even more apparent if the proportions of wane schaalboards 
graded as knot-free three sides (OKS) and halvrena side yield (PP) were added to grade A. 
However, because the material of this study was relatively small, the results are merely 
suggestive. Nonetheless, the high quality potential of spruce stands grown on drained 
peatlands is highlighted.  
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Based on the results of the sawing experiments, the spruce sawn timber originating from 
drained peatlands can be utilized in the same end-use areas as spruce sawn timber in general 
(see Table 37). The main end-use for Finnish spruce is construction. Peatland spruce might be 
expected to be especially suited for this purpose since the quality distributions of the stress-
graded sawn timber turned out to be very good. Although no experiments concerning rotary 
peeling of logs were carried out, peatland spruces might also be suitable for the 
manufacturing of laminated veneer lumber (LVL) and plywood due to their relatively large 
size. However, some characteristics of the oldest peatland spruces ? thick buttiness, dead 
knottiness, and high proportion of heartwood ? may lower their usability in the plywood 
industry. Thick buttiness reduces the yield of veneer and also causes slope of grain. Dry knots 
tend to loose during the manufacturing process, causing holes which then have to be patched. 
Dry heartwood causes ripping of veneer. 
 
The quality of pine sawn timber was somewhat lower than that of spruce, but probably near 
the average quality of mineral soil sites. Since the quality of sawn timber decreased 
dramatically from the base towards the top of the tree, its suitability for various end-uses has 
to be considered by location on the log. According to the observations of this study, the 
quality of sawn timber from butt logs of peatland pines is high. On the other hand, the 
knotless base of pine stems is often short, 3-4 m, and thus, the yield of high quality is quite 
low. In principle, sawn timber from pine butt logs may be used for various purposes, from 
construction to visible joinery. The main uses for middle logs are construction, end-uses to be 
painted or covered, and formwork. The knots in middle logs were relatively small-sized and 
the quality of stress-graded sawn timber was moderate. The proportion of sound knotty sawn 
timber, knotty pine, was found to be very low in peatland trees. The main reason for this is the 
exceptionally short living crown of the trees. The quality of sawn timber from the few top 
logs in this study was poor. The results concerning sawing value of logs supported the 
practice: quality grading of pine stems is reasonable, while in spruce no significant benefit is 
obtained by log classification based on the location of log. 
 
Drying deformations were slight in both tree species in export drying (moisture content of 
20%). Thus, the wide variations in growth rate inside trees were not manifested in 
deformations. However, the drying deformations increased dramatically in joinery drying, i.e. 
around a moisture content of 10%. Whether these were merely chance observations could not 
be evaluated since no reference material was collected. One may conclude, however, that the 
drying deformations and fissures are not as severe in homogeneous, evenly grown wood 
material. Specific experiments are needed in this area before making any further conclusions. 
 
It would have been interesting to investigate how the transition zone from narrow-ringed 
wood to wide-ringed wood affected the properties and quality of sawn timber. However, the 
sawing of logs according to these zones would have been very laborious if not impossible. In 
some studies, small specimens have been taken from these zones (see Ollinmaa 1960, 1981). 
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Table 37. Examples of end-use areas for the different grades of sawn timber (Pohjoismainen 
sahatavara 1994). 
 
END-USE A B C D
AREAS A1 A2 A3 A4
Visible joinery
Sawn timber for construction
Formwork, underflooring
Mouldings
Interior cladding
Linings, handrails
Slating battens and strips
Europallets
Disposable pallets
Packaging material
Flooring boards
Covered floorings
T & G Schaalboards
Fencing
Covered internal cladding
Wind and snow fences
Schaalboards
Boat building, decking
Handicrafts
Sauna material
Knotty sawn timber
Window and door frames
Furniture and glulam panels  
 
 
The size, number, and condition of knots are the most critical features determining the quality 
of sawn timber (Pohjoismainen sahatavara 1994). Thus, the most effective means to affect the 
quality of sawn timber is to change the size and number of branches in living trees. If the self-
pruning rate of trees has been slow, the quality of the stems can be improved by manual 
pruning. In Finland, only young pine stands are pruned to improve their quality. The pruning 
of spruce stems has thus far not been recommended because of their susceptibility to rot. 
However, according to Tuimala et al. (2002), the quality of spruce could also be improved by 
pruning if carried out carefully. The stems are usually pruned to a maximum height of 6 m, 
which corresponds to the butt log section. A hypothetical example of the effect of pruning on 
the inner knot structure in a stem is illustrated in Fig. 92.  
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Fig. 92. An example of the inner knot structure in an unpruned (left) and pruned (right) stem. 
The sawn piece divisions are based on hypothetical blade settings of 19-150-19 (mm) in the 
block sawing phase and 19-25-50-50-25-19 (mm) in the re-sawing phase. The sawing pattern 
corresponds to a minimum stem diameter of 220 mm under bark.  
 
 
The value of sawn pieces of knot-free side yield may be fourfold the value of sawn pieces 
including knots (see Appendix 4). Thus, the value of stems as sawn timber is highly 
dependent on the volume of the knot-free cylinder. The best result in young pine stands would 
be obtained if the trees of the best external quality were pruned after drainage, before the 
strongest increase in radial growth. Further recommendations for pruning of peatland trees 
cannot be given in this context, other than emphasizing the need for an economic analysis.  
 
 
4.4 Stem Characteristics as Predictors of Quality of Sawn Timber 
 
Quality of sawn timber is usually evaluated by quality distributions. Information on the 
proportions of various grades may be adequate to describe the general quality of roundwood 
as sawn timber. More precise information on the value of sawn timber may, however, be 
needed for comparisons. To compare the value of stands, stems, and single logs as sawn 
timber, a special characteristic, the quality factor of roundwood, was determined. The quality 
factor represented the mean value of sawn timber of the log section when value ratios of 
different grades and yield of sawn timber were taken into account. The value of by-products 
was ignored in this context. The results obtained may be utilized in future as a reference 
material if the same method is used. Only the stem section meeting the requirements of saw 
logs was considered. To determine total values of the trees or stands, the proportions of 
timber assortments must be taken into consideration. 
  
The quality factors of roundwood were used to determine the tree characteristics best 
predicting the quality of sawn timber in butt logs and in the whole log section. In spruce, the 
best predictors were squared dbh, tree height, and diameter of the largest dead knot in the butt 
log. The best predictors of quality of pine butt logs were tree height and the ratio of dead 
branch height to relative length of dead branch section. Optimal predictors for the quality of 
the whole log section of pine were dead branch height and mean growth rate at stump height. 
The results were not surprising since dbh, height of the lowest dead branch, and height of the 
living crown have been found the best predictors of quality of pine sawn timber (e.g. 
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Heiskanen 1954b; Kärkkäinen 1980; Uusitalo 1995). Early growth rate was not a good 
predictor of quality, although it unquestionably affects the size of knots. This was also 
concluded in Uusitalo´s study (1995).  
 
Probably most interesting was the question of whether trees containing wood produced before 
and after drainage were of poorer internal quality (quality of sawn timber) than trees 
containing only wood grown after drainage. A clear answer to this was not given by the 
method applied. However, the proportion of wood grown before drainage was on average so 
low in this material that it likely had little effect on quality. Presumably, the quality of the 
trees representing the second generation after drainage is better than that of the first 
generation since the wood produced is more homogeneous.  
 
The models constructed accounted for only 23.5-33.4% of the variance in quality factors. One 
reason for this may be that the quality factors were based on kiln-dried sawn timber. Although 
knots were the main defects determining the quality of sawn timber, drying deformations and 
fissures caused variation of quality factors that could not be explained by the chosen external 
tree characteristics. The low degrees of determination were not very surprising since the 
prediction of the quality of sawn timber has also been found to be doubtful in previous studies 
(e.g. Kärkkäinen 1980; Uusitalo 1995). Some of the predictors included in models are not 
easily measurable, and thus, may be inappropriate for practical purposes.  
 
 
4.5 Reliability and Generalizability of Results  
 
The study material was based on measurements, gradings, and classifications in the field, 
sawmill, and laboratory. Measurement errors were possible in all of these phases. Probably 
the most problematic was determination of the correct base for measurements of dbh and tree 
height in spruces because the origin of the tree might be clearly higher than ground level (see 
Fig. 84). Thus, there was a risk of measuring the dbh of spruces at a point lower than 1.3 m 
from the actual base, resulting in excessively high stem volumes. The magnitude of the error 
can be assessed by comparing the stem volume estimates, where the measurement of dbh is 
based 1) on ground level and 2) on the height of the uppermost root collar (see Laasasenaho 
1982, 1983). The first case yielded a 2.5-7% higher stem volume than the second case (Fig. 
93). 
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Fig. 93. Relative overestimate for the spruce stem volume when the dbh is measured from 
ground level but calculated by a volume function based on the height of the uppermost root 
collar. A fitted trend line is presented. 
 
 
 
The correspondence between tree height measurements obtained by the Vertex height meter 
and by measuring tape is presented in Fig. 94. The results are not fully comparable since the 
exact height of the tree cut was not known when the tree height was measured. By taking into 
account this uncertainty, the accuracy of tree height measurements was approximately ? 2% 
of the actual tree height measured by an experienced measurer. This result is consistent with 
Suunto height meter measurements (see Tapion taskukirja 2002). It should be noted that the 
errors in dbh and height measurements are transferred to most stem characteristics. 
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Fig. 94. Correspondence between tree height measurements obtained by a Vertex height 
meter and those by measuring tape. 
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The saw logs were measured for length, top diameter, volume, taper, and sweep with an 
optical log scaler (Elmes) both before and after debarking. The log scaler was calibrated at set 
intervals to ensure reliability of measurements. All characteristics other than sweep could be 
controlled for by manual measurements carried out during fieldwork. Significant differences 
were not observed. Log length in particular was measured accurately by the log scaler. The 
results were consistent with those presented in Marjomaa (1995), where the accuracy of the 
three most used optical measuring devices, including Elmes, were compared. The accuracy of 
sweep measurements was found to be poor, deviating from –18 mm to +25 mm from the 
actual value in spruce logs and from –26 mm to +36 mm in pine logs. The error was 
concluded to come from the shaking of the conveyor. The problem with log scalers such as 
Elmes is not so much the accuracy of the sweep measurement as the method by which it is 
determined. The measurement based on the maximum deviation from sideline drawn via butt 
and top ends of a log seldom corresponds to the sweep measurement based on the centre line 
of a log, instead overestimating the sweep. This is a particular problem in peatland saw logs, 
where various form defects are common.  
 
Annual ring width, latewood proportion, heartwood proportion, basic density, and proportion 
of compression wood were measured in the laboratory. Methods based on image analysis, 
such as WinDendro, were not used; wood properties were measured by traditional equipment. 
Ring width was measured with a manual ring width measuring device. Ring width can usually 
be measured very accurately, but the point where earlywood transforms into latewood has to 
be estimated, and thus, the demarcation is highly dependent on the measurer. For this reason, 
the results concerning latewood proportion are merely suggestive. The same is also true of the 
estimates for compression wood as this border may also be obscure. Heartwood formation can 
quite easily be detected in green discs, and therefore, these results are usually reliable. 
Various dyeing methods can also be used to separate sapwood and heartwood (see e.g. 
Kärkkäinen 1972b). Heartwood proportion for a stem was calculated with spline functions. 
The results contain some uncertainty because of the limited number of samples at the base of 
stems. Likewise the wood density estimates for stems include uncertainty. Wood density 
experiments comprised weighing of sample pieces as green and dried and determination of 
the volume of green sample pieces by immersing them in water. In principle, the method used 
gives accurate results if carried out carefully. The incidence of knot wood might increase the 
basic density estimates in the tree crown area.  
 
Each sawn piece was graded separately. Furthermore, knot size and other features were 
measured. Comprehensive measurements made it possible to strictly follow the grading rules 
of Nordic Timber (Pohjoismainen sahatavara 1994). The same person was responsible for all 
gradings ensuring consistent results. A similar level of precision cannot be obtained in sawn 
timber grading in industrial sawmills.  
 
The sites in this study represented Herb-rich type (Rhtkg) and Vaccinium myrtillus type 
(Mtkg) for spruce and Vaccinium vitis-idaea type (Ptkg) and Dwarf-shrub type (Vatkg) for 
pine. Five sample plots were chosen from each type. How well this uniform set-up represents 
the site type distribution and future cutting possibilities on drained peatlands may be 
evaluated using the results of the 8th National Forest Inventory. According to Hökkä et al. 
(2002), 36% of the area of drained spruce mires on forest land in southern Finland 
corresponds to Herb-rich type and 55% to Vaccinium myrtillus type. In drained pine mires, 
53% of the area corresponds to Vaccinium vitis-idaea type and 34% to Dwarf-shrub type. 
When the yield potential of these sites is taken into consideration, one may conclude that 
sample plots of spruce on Herb-rich type were slightly over-represented. For pine, sample 
plots on Dwarf-shrub type were clearly over-represented. How this disproportion affects the 
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generalizability of the results is not clear. However, since only a few properties differed 
significantly by site type, the error is probably minor. 
 
The study material collected ? measurements from 600 standing trees of which 200 were 
felled, measured and cut into 500 sawlogs and 1400 sample discs ? may be considered as 
adequate in relation to the aims of the study. The material originated from intensively 
managed stands where the aim had been maximum yield. This probably had not resulted in 
optimal tree quality. However, various defects, such as severe stem form defects and 
compression wood are even more common in unmanaged stands on drained peatlands, to say 
nothing of virgin mires. The results should therefore not be generalized to represent the 
average quality of peatland stands in southern Finland; the specific characteristics of the study 
material must be taken into consideration. To ascertain representative results from quality 
properties, one should utilize measurements from large-scale inventories (e.g. National Forest 
Inventory).  
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5 CONCLUSIONS 
 
Information about the properties of wood material harvested from mature stands on drained 
peatlands was sought. The stands represented the first post-drainage tree generation, i.e. most 
trees contained wood produced both before and after drainage. Although new areas are no 
longer drained for wood production, the characteristics of the first post-drainage tree 
generation will continue to be relevant for decades to come on drained peatlands in Finland 
(see Fig. 1).  
 
The hypothesis that the characteristics of peat soil are reflected in the properties of wood 
material produced is partly true. Stem form defects, such as sweep and crookedness, are 
common in peatland trees, decreasing the saw timber proportion of stems. Stem form of 
peatland trees does not deviate significantly from that of mineral soil sites, although peatland 
spruce seems to be more buttressed. The largest difference between peatland trees and trees 
growing on mineral soil sites can be found in tree branchiness. The study indicates that the 
relative length of the living crown of peatland trees is lower. The length of the relative dead 
branch section, by contrast, is clearly higher in peatland trees. These characteristics affect the 
distributions of log quality, which are dominated by dry knotted middle logs. This concerns 
especially peatland pine. Wood properties of peatland trees appear to be consistent with those 
observed in the Finnish conifers on average. However, the large variation in ring width and 
wood density is specific to peatland trees. The amount of compression wood seems to be 
insignificant in managed peatland stands. 
 
Despite the stem form defects and dead branchiness, the quality of peatland spruce sawn 
timber may be regarded as being of very high quality, corresponding to that of mineral soil 
sites. For pine, sawn timber of high quality may be expected only from the base of the stems 
since the quality of upper parts of stems is usually poor. The wide variations in growth rate 
appear to be manifested only in the quality of joinery-dried sawn timber, i.e. in low moisture 
contents. Further conclusions should not be drawn from these results since no reference 
material was available. More research is needed in this field.  
  
The quality of wood material produced is only one factor affecting the usability and value of 
peatland stands for industrial use (Fig. 95). The overall profitability of wood processing is 
also affected by the costs of wood harvesting and haulage. These costs are usually higher on 
peatlands than on upland sites because of smaller out-turns, low bearing capacity, and long 
off-road haulage. Most of the timber harvesting on peatlands has until now been carried out 
on frozen soil conditions, which places demands on the storage of roundwood to avoid 
storage defects. Suitable machinery for harvestings on peatlands has already been developed, 
and thus, the problems in timber harvesting are not technical but economic (see e.g. Högnäs 
1997). The characteristics of peatland stands mentioned above stress the importance of careful 
planning of timber harvesting.  
 
The structural characteristics of peatland stands ? spacing, clumping, and large diameter 
variation of trees ? remain unchanged several decades after drainage (Sarkkola 2000; 
Sarkkola et al. 2003). The silvicultural guidelines applied in mineral soil stands may not be 
optimal for peatland stands with regard to yield and quality of wood produced. Consequently, 
future research should focus on the silvicultural operations in peatlands. 
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Fig. 95. Main factors affecting the usability and value of peatland stands in the wood 
processing industry.  
 
 
Wood quality forms an essential component in the evaluation of profitability of drainage 
investments. Results of this study indicate a high quality potential for managed peatland 
stands. These findings should motivate improving the growth and quality of young tree stands 
by silvicultural operations, such as thinnings and improvement ditchings, although the 
immediate financial outcome may be low, possibly even negative. There is, however, no 
shortcut of growing timber trees of high quality. Well-managed peatland stands should also 
be regarded as a national obligation taking into account the already considerable financial 
input into forest amelioration during the past few decades. This is, after all, a matter of 
choices and values. The high potential productivity of the Finnish peatlands supporting tree 
growth should not be wasted but instead directed towards wood production, thus contributing 
to the sustainable use of our forests. 
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APPENDICES 
 
 
Appendix 1. Quality gradings of logs used in the study. (1/3) 
 
 
Pine logs (ABC grading): 
 
Grade General description Top diameter Largest knot (cm) Length 
(cm, over bark) dead spike sound (dm)
min. max. knot knot knot
A Butt log, knob-free 15 * 2.0 2.0 2.0 37 (31)** … 58
B Sound knotted top log 15 * * * * 37 (34)** … 58
C1 Butt log (C) 15 * 4.0 4.0 * 37 (34)** … 58
C2 Other log 15 * 4.0 4.0 * 37 (34)** … 58
Dead knotted
middle or top log
* not limited
** auxiliary length
Sweep and crooks
- sweep allowed 1 cm/m (in grade A 2 cm/m in diameter classes 20+ cm)
- top crooks or twist not allowed
Resinous wounds, scars, harvesting damages, splitting, other technical defects
- allowed outside the top cylinder of a log
Decay, blue stain, worm holes, shakes, foreign objects
- not allowed in logs
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(2/3) 
Spruce logs (modified from ABC grading): 
 
Grade General description Top diameter Largest knot (cm) Length 
(cm, over bark) dead spike sound (dm)
min. max. knot knot knot
A Butt log, knob-free 20 * 2.0 2.0 2.0 37 (34)** … 58
B Sound knotted top log 16 * * * * 37 (34)** … 58
C1 Butt log (C) 16 * 4.0 4.0 * 37 (34)** … 58
C2 Other log 16 * 4.0 4.0 * 37 (34)** … 58
Dead knotted
middle or top log
* not limited
** auxiliary length
Sweep and crooks
- sweep allowed 1 cm/m (in grade A 2 cm/m in diameter classes 20+ cm)
- top crooks or twist not allowed
Resinous wounds, scars, harvesting damages, splitting, other technical defects
- allowed outside the top cylinder of a log
Decay, blue stain, worm holes, shakes, foreign objects
- not allowed in logs
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                      (3/3) 
 
 
Spruce logs (grading applied in the 9th National Forest Inventory): 
 
Type of knot/defect Diameter at the Grade
point of defect, cm 1 2 3
Sound knot, mm < 19.5 10 40 40
19.5-28.4 15 50 50
> 28.5 20 60 60
Dead knot, mm < 28.5 15 15 (40)1 40
> 28.5 20 20 (50)1 50
Spike knot, mm not allowed not allowed 40
Unsound knot, mm not allowed not allowed 30
Sweep, cm/m  < 28.5 1 1 1
> 28.5 1.5 1.5 1.5
Knob not allowed small ones allowed
Resinous wound, not allowed allowed outside the top cylinder
< half of the circumference
Other technical defects not allowed allowed outside the top cylinder
1 Allowed occasionally at the base of a normal-sized log. A branch without living needles, located 
inside the living crown or directly under the living crown, is often a sound knot in sawn timber.  
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Appendix 2. Primary cause for log cutting. 
 
 
Diameter: 
 
11 Taper 
12 Minimum top diameter of log 
13 Maximum length of log 
 
Change in quality: 
 
21 Large sound knot or whorl 
22 Large dead knot, unsound knot, spike knot, or knob 
3 Crook 
4 Sweep  
5 Forked stem 
6 Other defect 
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Appendix 3. Blade settings used in sawing experiments.   (1/3) 
 
 
The top diameters of logs under bark and the dimensions of sawn pieces are given in 
millimetres. The side board model expresses the number and dimensions of sawn pieces in the 
block sawing phase (YK) and re-sawing phase (AK). For example, code 4 in the collection of 
blade settings for grade A pine butt logs means that the re-sawing phase yields four side 
boards, of which the outermost are 25 mm in thickness and the innermost 19 mm in thickness.  
 
Blade settings for grade A pine butt logs:  
 
Top diameter Blade setting Side board model YK = block sawing phase
of log (under bark) of centre yield YK AK AK = re-sawing phase
200 50x150/2 2
205 50x150/2 1 2 Side board model:
210 32x150/4 2 1 1 19
50x150/2 1 3 2 25
3 19,19
220 75x125/2 2 1 4 25,19
63x150/2 2 2 5 25,25
32x150/4 2 2
230 75x150/2 2 2 Blade setting of centre yield:
63x175/2 1 2
32x150/4 2 2 thickness x width/ex-log
240 38x150/4 2 2
50x200/2 5
63x175/2 1 3
250 50x175/3 2 2
38x150/4 2 2
260 63x200/2 1 5
38x175/4 2 2
270 75x200/2 2 4
50x200/3 2 3
32x200/4 2 5
280 38x200/4 2 3
50x200/3 2 4
290 32x225/4 1 5
38x200/4 2 4
50x225/3 2 5
75x225/2 2 5
300 38x225/4 2 5
50x225/3 2 5
75x225/2 2 5
310 50x200/4 2 2
320 50x200/4 2 3
330 50x225/4 2 4
350 50x250/4 2 5
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 (2/3) 
 
 
Blade settings for other pine logs:  
 
Top diameter Blade setting Side board model YK = block sawing phase
of log (under bark) of centre yield YK AK AK = re-sawing phase
135 38x100/2 1
145 44x100/2 1 Side board model:
155 50x100/2 1 1 19
2 25
160 50x100/2 1 1 3 19,19
4 25,19
175 50x125/2 2 5 25,25
180 50x125/2 1 2
Blade setting of centre yield:
195 50x150/2 2
thickness x width/ex-log
205 50x150/2 1 2
210 50x150/2 1 3
220 75x125/2 2 2
230 75x150/2 2 2
240 38x150/4 2 2
50x200/2 5
250 75x175/2 2 2
38x150/4 2 2
260 63x200/2 1 5
50x225/2 5
270 75x200/2 2 4
50x200/3 2 3
280 50x200/3 2 4
75x200/2 2 4
290 50x225/3 1 5
75x225/2 1 5
300 50x225/3 2 5
75x225/2 2 5
310 50x225/4 2 2
320 50x200/4 2 3
330 50x225/4 2 4
350 50x250/4 2 5
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(3/3) 
 
 
Blade settings for spruce logs: 
 
Top diameter Blade setting Side board model YK = block sawing phase
of log (under bark) of centre yield YK AK AK = re-sawing phase
135 38x100/2
145 44x100/2 Side board model:
160 44x100/2 51 51 51 22
50x100/2 51 52 22,22
53 22,22,22
170 44x125/2 51
180 50x125/2 51 Blade setting of centre yield:
190 44x150/2 51 thickness x width/ex-log
200 63x125/2 51 51
50x150/2 51 Main blade settings shaded
210 63x150/2 51 51
44x175/2 52
220 63x150/2 51 51
50x175/2 52
44x150/3 51 51
230 75x150/2 51 51
240 63x175/2 51 51
50x200/2 52
38x150/4 51 51
250 75x175/2 51 51
50x200/2 52
260 63x200/2 51 52
270 75x200/2 51 52
280 50x200/3 51 52
38x200/4 51 52
290 75x225/2 51 52
44x200/4 51 51
50x225/3 51 52
300 75x225/2 51 52
38x225/4 51 52
310 44x225/4 51 52
38x225/4 51 52
320 44x225/4 51 52
330 75x250/2 51 53
50x225/4 51 53
38x250/4 51 52
350 75x250/2 51 53
38x250/4 51 53
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Appendix 4. Value ratio table of sawn timber used in the study (based on a study carried out 
by Metsäteho Oy). 
 
 
Grades (Nordic Timber)
Thickness Width A1 A2 A3 A4 A B C OKS/PP VL KL
19 100 415 264 197 169 194 105 61 219 156 94
125 455 289 217 186 213 108 64 219 156 94
150 455 289 217 186 213 111 64 219 156 94
25 100 341 217 162 139 159 98 61 188 125 81
125 342 218 163 140 160 100 64 188 125 81
150 374 238 178 153 175 106 64 188 125 81
175 374 238 178 153 175 106 64 188 125 81
200 388 247 185 158 181 106 64 188 125 81
38 100 261 166 125 107 119 92 75
125 282 179 135 115 128 92 75
150 282 179 135 115 128 92 75
175 282 179 135 115 128 94 75
200 292 186 139 120 133 97 75
50 100 220 140 105 90 100 91 77
125 230 147 110 94 105 91 77
150 251 160 120 103 114 84 72
175 251 160 120 103 114 84 72
200 261 166 125 107 119 88 72
225 272 173 130 111 123 91 72
63 125 248 158 118 101 113 84 72
150 251 160 120 103 114 84 72
175 251 160 120 103 114 87 72
200 261 166 125 107 119 88 72
75 150 251 160 120 103 114 84 72
200 261 166 125 107 119 88 72
225 272 173 130 111 123 91 72  
 
 
The value ratio table does not include all dimensions of sawn timber. Thus, for instance, the 
values of centre yield size 50 × 100 mm were applied also for size 44 × 100 mm. The grade D 
sawn timber was not priced since it has no commercial value. In principle, at least the value of 
sawmill chips should be given to grade D sawn timber. 
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Appendix 5. Form used in grading of sawn timber. 
 
 
Sijainti Koko
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA
Koodi PL Paksuus Leveys Pituus Lajittelu Laatu Em. pituus Ominaisuus Lape Syrjä Särmä Koko Määrä Katk.syy Lisätietoja
Tuore-NT
Kuiva-NT
T-lujuus
INSTA  
 
 
Translation: 
  
Koodi: code for the sawn piece 
PL: tree species, spruce or pine 
Paksuus: timber thickness, mm 
Leveys: timber width, mm 
Pituus: timber length, cm 
Lajittelu: grading rules (NT green, NT dried, T-grading, NS-INSTA 142) 
Laatu: grade for the sawn piece 
Em. pituus: timber length corresponding to the grade 
Ominaisuus: primary feature determining the grade for the sawn piece (code, see Appendix 6) 
Sijainti: location of the feature (face, edge, arris) 
Peruste: size or number of the feature 
Katk. syy: cause for cut (code, see Appendix 6) 
Lisätietoja: more information 
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Appendix 6. Codes for the features of sawn timber used in the study.  
 
 
Code Nordic Timber T-grading NS-INSTA 142 Code
11 sound knot 11
121 dead knot 121
122 loose knot/knot hole 122
13 bark-ringed knot 13
14 unsound knot 14
15 knot cluster knot cluster 15
16 vertical knot vertical knot splay knot with small angle 16
171 arris knot arris knot 171
172 edge knot edge knot edge knot 172
173 face knot face knot face knot 173
181 splay knot splay knot 181
182 spike knot 182
19 sum of knot sizes sum of knot sizes sum of knot sizes 19
21 drying check drying check check 21
211 check, not through check, not through 211
212 check, going through check, going through 212
213 check, through arris check, through arris 213
22 ring shake ring shake ring shake 22
23 hair surface check 23
24 heart shake heart shake 24
25 split from crosscutting split from crosscutting 25
31 bow bow bow 31
32 spring spring spring 32
33 cup cup cup 33
34 twist twist twist 34
41 resin pocket resin pocket resin pocket 41
42 bark pocket bark pocket rind gall 42
43 scar scar 43
51 slope of grain slope of grain slope of grain 51
52 top rupture top rupture top rupture 52
53 compression wood compression wood compression wood 53
54 curly grain curly grain curly grain 54
61 resin wood resin wood resin wood 61
62 water stain water stain 62
63 log blue stain log blue stain 63
64 blue stain blue stain blue stain 64
65 mould 65
66 bark-brown brown stain 66
67 weathering weathering 67
68 insect damage insect damage insect damage 68
69 bark bark bark 69
71 dote dote dote 71
72 rot rot rot 72
73 width of annual ring width of annual ring 73
74 wood density 74
75 latewood proportion 75
81 wane wane wane 81
82 handling damage handling damage 82  
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Appendix 7.  Sawn timber by dimensions in the sawing experiments.  
 
Spruce sawn pieces Pine sawn pieces
thickness width m3 rm, m* pcs thickness width m3 rm, m* pcs
22 100 5.282 2400.85 544 19 75 1.623 1139.25 285
22 115 0.572 226.2 51 19 100 0.653 343.9 78
22 125 3.437 1249.65 275 19 125 0.118 49.75 12
22 150 2.659 805.8 172 19 150 0.136 47.6 11
22 175 0.819 212.65 44 25 75 0.899 479.65 120
22 200 0.340 77.3 16 25 100 0.923 369.15 92
22 225 0.119 23.95 5 25 125 0.473 151.45 37
Total 13.227 4996.4 1107 25 150 0.293 78.2 17
25 175 0.054 12.4 3
25 200 0.163 32.55 9
44 100 2.174 494.2 108 Total 5.336 2703.9 664
44 125 1.151 209.25 46
44 150 1.322 200.25 44
44 200 1.035 117.65 24 38 100 0.092 24.3 6
44 225 1.775 179.3 36 38 150 0.696 122.1 28
50 125 0.954 152.7 32 44 100 1.337 303.85 73
50 200 2.007 200.65 44 50 100 2.376 475.1 109
50 225 1.214 107.9 20 50 125 2.097 335.55 84
63 125 1.752 222.45 48 50 150 2.245 299.35 70
63 150 3.819 404.1 86 50 200 0.289 29.95 8
63 175 1.458 132.2 30 50 225 0.287 25.5 6
63 200 1.716 136.2 28 75 125 1.015 108.3 26
75 150 1.852 164.6 36 75 150 0.538 47.85 12
75 175 2.401 182.95 40 75 175 0.197 15 4
75 200 1.565 104.35 22 75 200 0.372 24.8 6
75 225 1.207 71.55 14 Total 11.541 1811.65 432
75 250 0.358 19.1 4 16.878 4515.55 1096
Total 27.760 3099.4 662
40.987 8095.8 1769
Grand m3 rm, m* pcs
total 57.865 12611.4 2865
* rm = running metre  
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Appendix 8.  Drying schedules. 
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